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FOREWORD 

This publication is a practical guide for the preparation and 
use of utilities targets. It is written specifically for engineers 
of the Public Works Center, Public Works Department, Naval Facilities 
Representative, and Engineering Field Division. 

This manual supersedes MO-303, Guide for the Development and Use 
of Utilities Targets, dated January 1966. 

This publication is certified as an official publication of NAVFAC 
and has been reviewed and approved in accordance with Secretary of the 
Navy Instruction 5600.16. 

W. M. ENGER 
Rear Admiral, CEC, USN 
Commander, 
Naval Facilities Engineering Command 
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i 

anyoneofthese four fmctimswiUprwentachievingthegoalofdeperm% 
able, euma&al utilities serviceinsqpartoftheNavyssair-sea 
mission. 

Thelastofthese four fun&bns,con~lling,consistsof: 
(1) J&a- toftheresultsobtahkl fmnmanagerialactimsand 

policies. 
(2) Analysis and canpzison of these results with those desired. 
(3) Delmminatiimandinitia~ofthe~ssaryactionrequired 

tocorrecttheu-mdesirableconditbn. 
ThetargetsFnogrampnmridesproceduresf~e~~quantitFesard 

costs for optimum utilities operation ax-d main&mance and for canparing 
thesewithaclxalu~geandexpenditures. Thus,thstargetspmgramisa 
managemnttoolfor effectiveutilitiescontrol. Estimatingprcxzedures 
developed throughthe targetspmgramcanbeusedbysbreactivitiesto 
detexmineandjustifytherescmrcerequ iremmts,bothmneyandutility 
service, necessary for pop qwation of their facilities in the mst 
econanical wiy. 

Thismanual providesa~acticalguide fortheactualpreparationti 
useof theutilities ta.rgetsasbKllasthe raticmalebehindthm. It is 

w specificallywritten asaguide forengineersof thePublicWxksCenter 
or Public W&s Department, Naval Facilities Representative, andmgineer- 
hg Field Divisicm (EE'D), who are responsible for providing efficient ti 
effective utilities servhes at the activity level. 

1.2 PRCGFGM DEVEXIPMEBT. The initial Utilities Conservation SurveyGuide 
of 1957 establisbd a metbd for preparing quantity targets for steam, 
water, and fuel. Subsequently, targets wre developed for electrical 
quantity usage as well as for tb unit costs of steam, electricity, and 
water. The field-tested revisicns to these methods were issued in 1966 as 
the Guide for the Developmnt and Use of Utility Targets, -303. 

As originallyconceived, targetswerebefore-the-factestimates of 
utilities quantities and costs, based on historical data and projected 
conditicns. Asnrnrnrnrnrnrnrnrnrnreexperience~sgainedwiththe~~~, it&cam 
evidentthattheuseofthetargetsasanaccuratemaMgementtooldic= 
tated thecCmtputatimofafter-the-fact targets. Toobtain the needed 
accuracy, the variable inputs to the target (that is population, equip- 
mesltaperatjngtime,and~ther)shouldnawbederivedfrcmactualpast: 
r~~softhetargetperiodratherthanfroanest~~. Asaresult, the 
target will be a more accurate reflection of what actually took place in 
thesystemduringtheperiod. The targets developed in this manual are 
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ed primarily for use as mnagment indicators, using actual inpt 
This concept provides an indication of system condition, operation, 

iencyardusecmparablewiththe ResourcesManagement Systen 

Asa secondaryuse, thetargetprccedurescanard shouldbeused to 
ate estimates of future utilities quantities at-d. costs to 
ive resources and budget planning. It sbmld be renmbexed 

s developed for this future estimate rely heavily on the 
predictions of population, equipment operating time and 

Such targets provide the mst accurate available estimates of 
ities arki costs, but the variance of future actual guanti- 
frcm estimtes should not be used as an indication of man- 

agement effectiveness since any subsequent changes in popllation, quip- 
ment operating time ax-d weather can invalidate a before-the-fact target. 

Targets are developed for Naval Shore installations by the EFD a& are 
periodically revieked and @ated as part of the EFD's utility conserva- 
tion program. 

1.3 TWGET IXFINITIa. Utilities targets are defined as goals for utility 
managemark which are attainable with efficient system operation, adequate 
maintenance,and conscientious conservation. They represent the best pro- 
duction, distrikmtion, and utilization performance which could be realis- 
tically expected at the studied activity with the existing equilqant, 
loads, and conditions. This optimum utility perfomnance is yessed as 
the target. Target quantities at-d costs thus enable mnagemmt to see hew 
close actual values cm to optimm performance. 

Targets described in this manual recorded on the Utilities Cost Analy- 
sis Report, NAVCCWI Form 2127 WAR), and used in evaluation of utilities 
management are after-the-fact cm~tations which will indicate problem 
areas requiring inmediatemanagerialattention. The sameprocedures can 
also be used to project before-the-fact calculations for the purpose of 
budget estimation. Utilities targets are separated into tsm distinct 
types : the quantity target ard the unit cost target. A canplete evalua- 
tion of a total utility system can only be made by studying both 
simultieously. 

1.3.1 Quantity Targets. 

1.3.1.1 Net Utility consumed Wtity Target. This target is the total 
of all utility quantities which should have been consumed by station 
activities tier control of the canmrd responsible for ~oviding the 
utility. 

1.3.1.2 Net Utility Delivered Quantity Target. This target is the total 
of the Net Utility Omsmed Target and all quantities delivered to activi- 
ties not controlled by the conmard responsible for providing the utility. 

li3.1.3 Net Utility F!roduced and purchased (&antity Target. This target 
is the total of the Net Utility Delivered Target and the kargeted alluw- 
ante for distrtition losses. 

1.3.1.4 Net Utility Prcd~~ed Quantity Target. This target is the total 
guantitythatshmldhavebeen@uced. Whereapplicable itmaybe 

l-2 



develom fmn the Net Utility Produced and Purchased Target on the basis 

(I 
of the econanical proportionof produced to purchasedutility. 

1.3.1.5 Non-Target Quantities. Uncontrolled reimbxmables are not consid- 
ered targetable because the utility supplier has no direct control over 
usage. Bmmples of retiursabl e custaners are Officers Open Mss, ex- 
changes, contractors, and ships. Although carmissaries and Navy housing 
are considered as reixbursables for budget and appropriation purposes, they 
shouldbe included in thecanpltationof target tities 

T 
if their con- 

sumptim is controlled by the reporting activity. 
Interutilitytransferscanbetargeted separatelywiththeenduse 

utility to determine operating efficiency. If possible, actual quantities 
of non-targetuses shouldbe obtained bydirectn&er readings. For those 
areas in which separate. utility meter readings are mt available, estimates 
must be made, based on the most realistic approximation of such factors as 
mrkloadand equi~toperating records. Portable meters may help to es- 
tablish a ratio of usage to production outpt, custanar operation or sane 
other inaication of utility use. 

1.3.1.6 Special Quantity Targets. These targets can be developed for util- 
ityusesandclasses inadditiontothosereportedontheUCAR. Themre 
aoncisetheusesmeasured~canparedwithexpectedperformanc e are, the 
mre evident the basis for managerial decision, and the mre effective the 
resultant actions will be. By measuring the performance of the major use 
zzes of a utility system, control of the whole system is made rmre 

For example, interutility transfer quantities can be targeted 
and &ed with the actual quantity of one utility transferred to another. 

( 1.3.2 Unit Cost Targ$s. These targets are engineering determinations of 
the lmest unit cost attainable for the actual utility quantity Produced or 
Deliveredduringthepericd targeted. The unit cost targets indicate how 
mch each unit of the actual utility quantity provided should have cost if 
the existing utility system had been operated with optimum effectiveness. 
The unit cost target can be separated for each utility into two types: the 
Unit Cost Target produced ax-xl the Unit Cost Target Delivered. 

1.3.2.1 The Unit Cost Target Produced. Thistargetiscanparedwiththe 
actual "Umt cost Produced", as reported on the UCAR, and is defined as the 
targeted gross plant production costs divided by the actual net utility 
produced (gross production guantity minus the actual quantity of the util- 
ity used in production). 

where UCTP=UnitCostTargetProduced, 
TPC = Targeted Gross Plant Production Costs, and 
NW= Net Utility Quantity Produced. 

but see Chapter 2, par. 2.2.7, for reimbursable electrical loads that 
shouldbe target&i. 
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The Targeted Gross Plant Production Costs consist of: 
(1) Operations Costs: labor, fuel, material, contractual and other. 
(2) Maintenance Costs: labor, material, contractual and other. 
(3) Overhead Costs: apportioned genmal plant expense and general 

expense applied (NIP). 
(4) Costs of Interutility Transfers (to). 

Target allowance figures, based on existing data, can be developed for 
sure of the cxqmnents of the gross plant production costs above for each 
utility. As n-ore target cost data bemnes available for the different 
utilities, more of these costs will be targeted. The unit cost target for- 
mat will remain as described in this manual and actual costs will be used 
where target allowances are not as yet available. 

The Unit Cost Target Produced is used primarily to spot excessive costs 
in the various elements of production. Used in conjunction with the quan- 
tity targets, this target assists managenent in assuring the lowest overall 
Production (O&M) costs for the quantity of utility services needed. 

1.3.2.2 The Unit Cost Target Delivered. This target is ccxnpared with the 
actual "Unit Cost Dellver&i" as reported on the EAR, and is defined as: 
the total targeted cost of utilities delivered, divided by the actual net 
quantity of the utility delivered. The total targeted cost of utilities 
delivered includes: the targeted gross plant production costs (including 
the cost of interutility transfers to), plus the actual purchased utility 
costs, plus the targeted cost of diztition, minus the cost of inter- 
utility transfer frcan. 

where KTD = Unit Cost Target Delivered, 
TX = Targeted Gross Plant Production Costs, 

?Q?UC=ActualPurchasedUtilityCost, 
'ED = Targeted Cost of Distribution, 

IUW = Interutility Transfer Cost (from), and 
AQD = Actual Quantity Delivered. 

(l-2) 

The Targeted Cost of Distribution includes: 
(1) Operations Costs: labor, material, contractual and other. 
(2) MaintenanceCosts: labor,material, amtractualand 0the.r. 
(3) Overhead Costs: apportioned general plant expense and general 

expense applied (NIE'). 
Target allowance figures, based on existing data, can be developed for 

various canpcnents of the cost of distribution &eve, for each utility. As 
mre target cost data becanes available for the different utilities, mre 
of these canponent costs will be targeted. The unit cost target format 
will rmain as outlined in this manual and actual costs will be used where 
target allomnces are not as yet available. 

The Unit Cost Target Delivered is used primrily to spot excessive 
costs of the various elements of utility distribution, as well as prcduc- 
ticn, for utilities which are both produced and purchased. The use of this 
unit cost target, .in conjunction with the quantity targets, enables manage- 
ment to insure the lmest overall cost to the users, for the utilities ac- 
tuallyneeded. 
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1.4 TARGET USES. The Utility Targets indicate, to all levels of manage- 
ment, the quantity of a given utility that should have been produced and 
the cost that should have been incurred during a specific period. With 
this information, managgnent can evaluate the operation and maintenance 
of the utility system on a general basis and direct effort, when and if 
needed, for improvenent. When actual utility usage exceeds targeted 
amounts, review of the individual target carqonats assists in locating 
the specific areas where corrective action is needed. 

At the activity ti EF'D level, the targets, used together with a basic 
knowledge of the activity's utilities systems, can accanplish the following: 

(1) Spot areas of utilities wastage or inefficient operation or main- 
tenance as soon as an undesirable condition occurs. 

(2) Determine equitable billing rates for remsable tenants when 
the installation of meters is not econanically justified. 

(3) Provideaconsolidated information source tomaintainacurrent 
inventory and help in the evaluation of utility equipment condition. 

(4) Prepare, support, appraise a.& justify budget requests, by real- 
istic estimation of the utility quantities and costs required. 

(5) Develop, justify and validate future requirements-planning infor- 
mation by ccanparing existing plant capacity with estimated future require- 
ments. 

(6) Develop, justify and validate desired repairs, replacanents and 
system expansions, on the basis of increased efficiency or reduced wastage. 

(7) Estimate potential savings available through conserv ation efforts 
and thus aid in publicizing and prmting the conservation program. 

(8) Familiarize personnel directly responsible for ma.nagmt of the 
utilities systems with the current condition and canponats of these 
systems. 

(9) Provide an accurate method for estimating the outpt of a plant 
lacking adequate metering. 

At the m and EFD level the Utility Targets can also be used to: 
(1) mnitor the activity's use of operation and maintenanc e funds by 

the technical analysis of the performance of each of the utilities system 
canponentsaswll as the overall system. 

(2) Validate activity budget requests. 
(3) Support special and MilCon projects. 

1.5 ANALYSIS OF TARGET VARIATICNS. Whenever the actual quantity of the 
utilities produced and Purchased exceeds the c-able, -ted target 
allowance by 10 percent or more, the individual target components should 
here-checked to assure thattheyhavebaen correctlycarrpltedand/or 
identify the specific cause of utility loss. When the actual usage ex- 
ceeds the target allowance, the difference represents the potential sav- 
ings possible through corrective action. 

It should be kept in mi& that the targeting procedures developed in 
this manual are provided as a guide for the development of useful utilities 
targets. They are considered goodmethods whereby accurate approximations 
canbemade inareasonably tirtpariodoftime. Other allowance esti- 
mates can, of course, bemadeusingacceptable engineeringmethods suchas 
A!?HRAE heating and ccoling load estimates, industry accepted electric !-rid 
factors, etc. 

EJ?D personnel sbuld consider how expensive a utility is per unit, how 
it is conSumed, the predictability of consumption, and the likelihocd of 
savings due to frequent and detailed target analysis when establishing the 
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scope and period of the target calculations. Further guidance along these 
lines accaqanies the treatment of each separate utility. 

1.6 SLMWRY. The Utility Target program provides the best available tool 
for insuring proper operation and realistic conservation of the Navy's 
utilities resources. Butmore important, theproceduresdeveloped in the 
Target prqram can help the people responsible for the operation and main- 
tenance of the utilities systems do their job better and with less effort. 
Itshouldalwaysberanember ed that the targets were developed specifically 
to help the Activities/FE's, and the allowanc es, factors, calculations 
etr:., shouldbeappliedwit.hthisplrFoseinmiki. 
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CHAPTER2. TARGEX'S FOREIJXlXICI'IY 

2.1PROCEDURESFORDEVELOPINGTAZ'EIS. Thischapter sets forthprocedures 
for developing targets that will both serve as criteria for the efficiency 
of overall plant operation aryl bring to light specific areas where improve- 
mntscanbemde. The target data will be accurtlulated and developed in a 
manner that follows the physical arrangement of the facility's electrical 
system. In this way individual targets are developed that reflect, for 
example, the target for consmption on each secondary distribution feed-, 
and these in turn can be canbined to reflect the consumption on primry 
feeders. 

Theseproceduresareanextensionofthe~~eduresused inpastyears. 
The latter cmsisted essentially of groupirqall like loads, in tems of 
building use codes and special loads, throughout the activity and setting 
an overall target. Themetbxdsdescribed hereinconsistof grouping like 
loads on each feeder toobtain target values, andthencarbiningthefee&?r 
targets to obtain a total for the activity. It is recognized that scm 
initial effortmaybereguired in settingupthese pmcedures, and this 
will be especially true at older activities where up-to-date one-line 
diagrams do not exist. In such cases, continue grouping all like loads 
for the activityticalculate electrical targetsuntilconnectedloads are 
inventoried arddiagrams areu@ated. 

The feedermthcdof electricaltargetimghas thebasic advantage that 
it uses the same tools and approaches as other types of engineering analy- 
sis (including the initial design), and thus it benefits fran these analy- 
sesarxlcontributestothem. Amng the many specific advantages are: 

(1) The persons preparing the targets can use the one-line diagrams 
prepared in the systsmdesignas thehmrtofthe targeting procedure,or 
if one-line diagrams mst be prepared to facilitate targeting, they are 
also ilmediately available for engineering analyses. 

(2) Imp- ts in distribution will becane readily apparent, and in 
sa~~~ca&, aswithloopandnetmrkdistri.butioncircuits,maybemadeby 
mnipailating existing switchgear. 

(3) The exerciseof preparing targetsbythismethzdwillfamiliar- 
ize personnel with the physical layout of the electrical systems and will 
provide and reinforce training. 

(4) ManagementAssistanceTeamandother surveys subsequentto the 
target amlysis will be simplified. For example, excessive energy con- 
smptionordanardcanbetraced to feedersthataremeteredorcanbe 
easily metered during the survey. 

(5) The need for lim&d capital iqrovemnts, such as additional 
distrtition substations near load centers (for long-run econany) or cir- 
cuit ties (to lxotect vital loads) will be brought out by the targeting 
prccess. 

Thischapterwill caver: Quantity ard Unit Cost Targets for typical 
activities with a mix of different types of facilities. It will then 
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discuss the special problem of such activities as radar and catmunica- 
tions stations ar~I activities with pred cxninantly irdustrial loads - activ- 
ities that do not lend themselves readily to targeting by normal means. 
Specific examples of targeting procedures will be given. 

2.2 QUANTITY TARGETS. The use of electricity at a Naval activity is a 
function of my variables: such as number of personnel, length and number 
of work shifts, type of equip-rent installed, building size, a.rd mission. 
The effects of all of these factors, in developing electrical quantity tar- 
gets, except the building areas and the connected pawer loads, will be 
minimized. The oth~variablesare stillconsidered,butindirectly, as 
they are accounted for in the application of the Usage Factors. Prior to 
the developTlent of quantity targets, there are certain terms which should 
be defined. 

(1) Dmard factor. The ratio of the rmximm danand of a system to 
the total connected load of the system. 

(2) Load factor. The ratio of the average demand of a system over a 
given period of time to thepeakdemandof the systanoccurringduring that 
samepariodoftim. 

(3) Coincidence factor. The ratio of the mximm coincident dmd 
of a system to the sumofthe individualmaximmdemardsof thecanpnents 
of the system. 

2.2.1 The me-Line Diagram. The one-line diagram uses single lines and 
simplified symbols to show the course of circuits, the control ard pro- 
tective e&ants in the circuits, and the equihts and panels served by 
then. Typically (Figure 2-l), a ccmplex activity's electrical system will 
be diagramed ina series of drawings, startingatthetopwith adistribu- 
tion diagram shming main substations (for example, 66/13.2 kv. transform- 
ers or 6.9 kv. transfonixxs) and the primary distribution lines through 
the local transformers (for example, 13.2 kv./440 or 13.2 kv./240/120 v. 
transformrs). Subsequent drawings might sham, for example, 440 volt 
systems to major equipments on a Imilding by building basis (Figure 2-1, 
Sheet 2), and so on down to miscellaneous services, including low voltage 
pieces of fixed equipnent (fans, control motors, etc.) and connections to 
service panels. In load centerdistribn~tion systems, inwhichlocal sub- 
stations step down the voltage for disM.bution to adjacent individual 
facilities, or groups of facilities, or individual functions such as 
street lighting, the one-linediagrams aredeveloped inalogical sequence 
that reflects the functions and physical layout of the activity as well as 
the electrical system. In so-called piecemeal distribution systems -dis- 
tribution carried long distances over secondary feeders at low voltages 
fran one or tm main substations - the setupmaybemuchless neatandlog- 
ical, ax-d ccnrplete, up-to-date drawings are less likely to exist. Yet here 
thedeveloprrentof gccd one-linediagrams, with the acampanying inventory 
of loads and distribution equiprent, isrmstlike to payoff, both in terms 
of more econanical operation of the existing system and as the starting 
point in a programof improving the systemandtaking advantage of the 
emnanies inherentinhighor intenmdiatevoltagedistrtition to local 
transformers. One-linediagrams shouldbedevelopsd inaccordancewith 
MIL-STD-15, Graphic symbols for Electrical and Electronics Diagrams, U.S. 
GaTennrent Printing Office, latest revision. 
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2.2.2 Adapting the &e-Line Diagram to Target Preparation. The following 
information should be keyed to a copy of the one-line diagram, if it does 
not appear. (See Figure 2-l for an example): 

(1) Meters. The meters for each primary and secondary distribution 
feeders, andconnectionpoints fortemporarymetering. 

(2) Building Data. A canplete listing of the existing structures 
supplied by each distribution feeder, including tenant facilities, identi- 
fied by their respective Navy Codes, andthe square foot area occupiedby 
eachcaleis required. This information is mst easily obtained frcm 
Parts I and II of the "Detailed Inventory of Naval Shore Facilities - Peal 
p=)pertYr "11NpcBc llOOO/lA (REV 4-63), (Table 2-l). Inspection of this 
inventory, located in the plant accounts section of the Public FJorks 
Office, will establish the areas for which a target will be calculated. 
The general load (lighting and -11 devices) will be targeted on the 
basis of code and square footage, as described in a later paragraph. Do 
not incltie pees unused during the target period. 

(3) connectd Pow2.r LoadData. Connected -load shall bede- 
finedasallelectricalpower-conslrming equipment of 2hp. or 2 kw. and 
abve which has been or will be operated during a period of one year (use 
the approximation: 1 hp. equals 1 kw.). Box8, Sectian landBox 42,Sec- 
tion V of the DD1342, Class III ard IV property record cards (Table 2-2) 
located in the fiscal office of the activity, may be utilized in determin- 
ing the size and location of certain power equipment. It is the responsi- 
bility of each activity to record information requested on these cards in 
accordance with the instructi~s as set forth in paragraph 036115, Volme 
3 of the "Navy camptroller Manual" (NAVEXCS P-1000). Experience has shm 
that this approach may be used in lieu of an overall field inspection with- 
out materially affecting the accuracy of the resultant values. However, 
the ratings on nonmtorized electrical equipment, such as ovens, may not 
be listed on these cards; or if a rating is given, it may refer to a frac- 
tional hp. motor attached to the equipnent and not to the total rating of 
the unit. When this occurs, it will be necessary to ccmpute the kw. rat- 
ing from information obtained from the "description" section of the card 
Box 18, Section II. This calculation approach may also be necessary when 
analyzing electrical motorized eguipnent having a pchase price less than 
$500. Should neither of these methods provide the necessary information, 
field inspection will be required. It is impxtanttonotethatthe ther- 
m&at-controlled heating and cooling equipment (furnaces, ovens, refrig- 
eration plants , etc.) cycle on and off during their hours of operation. 
Whenestimatingpcwerload inhouses, consider only electrical ranges, 
dryers, hot water heaters, dishwashers and air conditioners. 

(4) Qnnected Air Conditioning and Electric Heating Ioads. Targets 
for air conditioning are calculated separately, on the basis of weather 
data, asdescribed in~hapter 5 of thismanual. mwever, thedata for 
feeder, and theplrposeof identifying the loads atthistimeis tomake 
it possible to apportion the target values to the correct feeders. Simi- 
larly, electrical heating space will be calculated on the basis of weather 
data in accordance with paragraph 2.2.3, below, and will be al"x>rtioned as 
indicated on the one-line diagram and associated listings. 

(5) O&door Lighting. Identify by type, xmber of lisl~+.-Z :ating, 
and, where applicable, kinds of use (intermittent or all night): 
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Street lighting, zone A - 52 mercury at 400w. 
Flood, drydcck #l - 52 fil. at lOOOw., intemitt. ovhl. 
Protective, F&s. receiving, tise. #6, - 8 flm. at 1OOOw. 

all night 7 days a week. 
Storage area #7 (inactive) - 12 fil. at 500. 

Togetherwithsunriseand sunsetdata, the foregoingwillbeconvertedto 
target usages, as described below in paragraph 2.2.3. Outside lighting 
data should be available in the utilities division. If not, an inventory 
will be required. If possible, they shmld be recorded on the basis of in- 
dividual lamps, as shcrwn above: this will facilitate future target adjust- 
ments and also denand calculations in cmnection with system expansions. 

(6) Capacities of outlets for piers. 

2.2.3 Preparation of Energy Targets. 
(1) Service Load The average 7 consumption for service loads 

(lighting and other eq&nent rated at less than 2 kw.) is targeted by mul- 
tiplyingthearea (in square feet) servicedbythe feeder ineachNavy 
building code designatim by usage factors, which canprise normal unit 
connected loads in temsofwatts/ft2, ardloadandcoincidencedmamd 
factors. The factors for the various code designations have been obtained 
on the basis of experience, and are listed in Table 2-3. 

(2) Loads of 2 kw. and up. Average m consumption for connected 
loadsotherthan service, specialheating,aixconditioning, andexterior 
lighting loads is similarly targeted by applying factors ccmprising load 
and demaxl factors to the kilmtt rating of the eguipnent. Table 2-4 
illustrates items (1) and (2). 

(3) Ccmmting target kw.-hr. for itens (1) ard (2). The targeted 
average m is smmarized for the forwing items and multiplied by the 
number of hxrs in the target period (8760 per year, 2190 per quarter, 744 
per 31-damnth). See Table 2-7. 

(4) Special loads. Special loads areloads that do not lend then- 
selves to targeting by using factors based on experience, either because 
the equipment itself is s~ial (such as centrifuges and other special test 
equipoE?nt), or because it is used &predictably (such as carmunicatio& 
transmitters, equipnentforemrgencyrepairsorpmpsused to alleviate 
flooding). If possible, these should be targeted on the basis of kw. rat- 
ing and logged or estineted length of use. For further discussion, see 
paragraph 2-4. Table 2-5 is a sample special-load calculation (see also 
Tables 2-8 ard 2-21). 

(5) Air corxditioning loads. These slmuldbetargeted separately 
(incltiing totalairconditioningloadsmdeupofmllunits of less than 
2 kw. each) on the basis of type, size and shape of txlilding, class of 
insulation, and average wet and dry bulb tmperatures during the target 
period. Chapter 5described indetailhowto mmputeairconditioning 
loads, and how to convert tons of air conditioning into electric power a& 
energyrequirmants. 

(6) Electric heating loads. As with air conditioning, electric heat- 
ing should be ccqxted on the basis of size and shape of hildings, insw 
lation factors, ard degree days during the target period. To obtain the 
total target value of B.t.u.'s of heat that sMd have been consumxl on 
the feeder over the target period, followthemethodsdescribed in Chapter 
4, paragraph 4.3, Building Heating All-e. The target electrical 
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energy consumption is obtained by: 

E = 0.000293 Q, 

whexe = energy in kw.-hr. and 
l = targeted heat consumption in B.t.u. 

(7) Cutdoor lighting loads. The outdoor lighting loads should be 
broken down into categories of lamp rating and type of use (all night or 
partial use). The reasonable hours of illumination for the t&e of year 
are then applied. Examples are: 

Street lighting: averagehours, sunset to sunrise,during 
target period. 

Security lighting: average hmrs, sunset to sunrise. 
Floodlighting of mrking areas: average hours, one hour 

before sunset to end of last mrking shift. 
Parking lot floodlighting: average hours, sunset to one- 

half hmr after end of last working shift, plus duration 
of special events requiring evening use of parking lots 
(the base security office will normally keep records of 
such special off-hour uses). 

Steps should be taken to ensure that other special uses of significant 
outdoor lighting loads are recorded. Thesemuld include nightruntayand 
taxiway lighting at airfields not kept open for night fly- on a regular 
schedule; and dockside lighting for non-recurring tests or night missions. 

The total days in the target period must be consider& carefully. For 
example, flocdlighting of mxking areas would normally exclude week&s and 
holidays,buttheren-ayalsohavebemperiodsof a six-day&. Street- 
lighting in sane areas my be partly or wholly extinguished on waek&s or 
after some hour of the night. 

Where mtdoor lighting is operated autanatically by photoelectric de- 
vices or clock timers, the calculated energy target will serve as a check 
that the settings of the devices are in line with activity schedules. For 
this reason it is recQrmend ed that target calculations be rmde indeperd- 
ently of the hours totalized cm the au-tic device. 

The targeted energy for each category of rating ard use is obtained by: 

E =NxPrxQxQ 
1000 

where E = energy consumption in kw.-hr., 
N= nmber of lamps of a given rating, 

pr =lamprating inwatts, 
Ha =reasonable illuminatinglmurs per day, and 
45 =workingdays in target period. 

. ..with IQ and DW adjusted to fit conditions at 
the activity as discuss&i above. 
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The energy targets for each category are summrized to give total 
lighting energy target. See Table 2-6 for a sample calculation. 

(8) Energy Target for Feeder. The targeted energy consumptions for 
each of the above elements are added. Then apply factors for transformer 
and line losses. These are best calculated using transfom rated losses 
and the resistance data and length of wires of various gauges in the system. 
Howaver, in sane activities, especially older ones, these data will be hard 
to obtain; in this case, add 6 percent to the kw.-hr. total. These factors 
should be checked by metering, since line losses will normally be lower in 
new load-center distribution systems ard higher in older systems with exten- 
sive lwvoltage distrtition, and a realistic target should reflect this. 
See Table 2-7 for a sample calculation. 

(9) Energy Target for Activity. Canbine the totalkw.-hr. for the 
individual secondary distrtition feeders to obtain target values for the 
primary f&er(s) and the activity. 

2.2.4 Demand Targets. Dmmd divides itself into tsm categories: demand 
for the individual feeder and demand for the distribution netmrk (usually 
for the entire activity, or the portion of the activity deriving its pm.& 
fran one source). 

The mximuln dmamd which each primary and secondary distribution 
feeder network can carry is determined. by the km. rating of the distribu- 
tion transfolrmess (assming that the conductors in the system have been 
properly sized to avoid excessive 12R losses at rated transformr load ti 
that the system is designed to mintainminimmreguired voltage at the 
erdof the line withmtexceedingmaximm voltages at distrilxtion points 
near the transformer). In hot ether, transformers should be run at less 
than full rated load, by approximately 0.83 percent of rated kva. for 
eveq degree over 86O F. average for self-cooled transformers, 0.83 per- 
cent of rated kva. for every degree over 77' F. water temperature for 
water-cooled transfomers, and 0.55 percent of rated kva. for every degree 
over a cooling fluid temperature of 77' F. for forced air and forced oil 
cooledtransfommxL (See NAVFAC MJ-201, Operation of Electric Pmer Dis- 
tribution System, Chapter 5, for transformer operation.) 

For the distrtition system as a wfiole, the demnd target is deter- 
mind by the contract with the local px.blic utility caqqny, the activity's 
om generating facilities, or both. Nxt activities fall into one of the 
following categories: 

(1) Allpuwerpaxchased; apremimrateischargedfordmandover a 
specified amount. 

(2) Pcmr normally purchased, star&y generating capacity available 
for emergencies and peaks. 

(3) P~WX mmally generated at the activity, PaJer purchased fran 
theprblicutilitycanpanyduringpeaksor geneYatordomti.ma. 

In the first case, demand shcnild be kept below the premium rate limit. 
In the second, it should bekeptbelowthemximmthat~uld require 
facing the choice of incurring premium rates or usjng the activity's 
sbrdby generator(s). In the third, there areusually*limiting fac- 
tors: One is the limit of the activity's generating capacity; if power 
must be purchased, premium rates are often charged, either on a flat rate 
basis or as a function of either a derrrand limit for the activity or the 
activity's contritmtion to the utility caqxmy's total load. The other 
factor is the successive demand load limits requiring that additional 
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generating capacity be pit on the line. 
However, the econanical operation of the system can be affected by 

such renditions as the following: 
(1) Theneedtokeepderterdaboveacontractualminimznto avoid 

premium rates for lm consmption cmpared with the plblic utility's in- 
vesmtin supplying power. 

(2) Use of extraction or topping turbines to supply steam for in- 
dustrial uses, heat, and other turbogenerators. 

(3) The need, at scme activities, ti have mre generating capacity 
on the line than is required by operating equipment, to avoid a costly 
shutdown in the event of failureofa generator or primry feeder. 

Where suchcircumstances exist, demandgoals shouldbedevelopedon 
thebasisof engineerirqevaluation,and steps takentocontrolpeaks in 
the rmnner that will prove mst econanical for the particular activity. - 
See NAVFAC W305, Activity Conservatim Techniques. 

Wmayalsobe subjecttoarbitrarylimits toprevmtareabrown- 
outs. This is mcurirq with increased fr-equency inhot -weather 
due toair conditioning loads ard alsoduring the winter due to combined 
heating, lighting and tiustrial loads. In such cases, the one-line dia- 
gram should be used as the basis for a plant& program for successively 
eliminating or reducing non-essential loads. 

If actual metered demand is well below premium rate levels, further 
targeting is not recamerded. If maximm dmard is 90 percent or n-ore of 
premium rate levels, or if excessive additional generating capacity must 
be kept on the line to meet occasional peaks, demand shmld be target& 
by applying demand usage factors to the connect&l loads and areas, for 
each type of building, as given in Table 2-3. These factors incorporate 
thedemand factor and thecoincidence factor & arebasedonexperience 
at many naval activities (see Table 2-7, Itm II, for demmd target cal- 
culations). 

2.2.5 Fewer Factor Targets. Asaminimm, power factor shouldbert-ain- 
tain& high enough to avoid penalty charges, if these are incorporated in 
the contract for m&as& power. In any case, a power factor of 0.9 or 
better should be the target goal, with 0.95 to 1.0 the desired range. 

2.2.6 When to Prepare Targets. Since meter readings and billings generally 
run on a mnthly basis, target calculaticms at mst activities should be 
made at the end of each month (or mnthly billing period if it is not con- 
currmtwiththecalemdarmnth) for the previousmonth, eventhoughthe 
WAR on which the target data are report& is prepared at considerably 
longer intervals. mthly targeting of electricity has three advantages: 

(1) It permits the Utility Division to supplement records with m- 
ries of unusual events while they are still fresh: such as shutdowns caused 
by bad weather, operation of high voltage research eqipnent, and special 
demands by ships or other reimbursables. 

(2) It permits the adjustment, over a period of time, of target cal- 
culationstoaccountfor cyclicalvariations during the year. In the 
mathods outlined here, the cyclical changes in air conditioning, electri- 
cal heating, and major lighting loads are factored in, but each activity 
will haveothersthatmyberegularenoughto attachanaritJmeticalvalue 
to and applyasa factor in subsequent years. 

(3) Trouble areas will be revealed early and can be corrected before 
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they becane costly. 
Facilities that are charged for demand on the basis of annual peaks 

will not find mnthly demand levels significant. However, inmnycases 
there is a ratchet clause in the contract with the electric utility ccmpany 
that calls for 100 percent demand charges in the mcnth when a maximum is 
exceeded, 90 percent (or mother lesser amunt) thenextmonth,and so 
on until 0 percent is reached. In such cases, a danand target should be 
developed. It provides a tool for ensuring that demands are not excessive 
in subsequentmonths, so as to drive demand charges back up. 

2.2.7 F&i&mrsable Consumers. It has been the custm at many activities 
to exclude sane or all reirrbrsable consumers from electrical targeting. 
However, the reimbursable consumers at a majority of naval activities are 
substantial usersof electric energy, andatmanytheycan, throughbad 
planning, psh the activity's t&al load into the premium demand range. 
coed rmnagmmt calls for targeting these reimbursables. The n-mm of set- 
ting up targets will vary with the activity and the type of reimbursable 
consumer. Nomally the following procedures will be used: 

(1) The utilities division of the supplyirq activity will set up 
targets for functional units within the activity and clearly related to it, 
such as: 

The Navy Exchange. 
Officers' Mess. 
bundry. 
Naval Housing. 
School and Training Facilities. 

(2) Larger, semi-autonamus activities will prepare their own tar- 
gets, with technical assistance from the supplying activity's utility di- 
vision, the public xmrks center , or the NAVFAC Engineering Field Division. 
Such activities muld include: 

Supply Depots. 
Research and Developnent Centers. 
Hospitals. 
ILarger Schools that are Irdependentof the Supplying 

Pctivity (for example, Training Stations, Officers' 
Card&date School, War College). 

Casnunicaticns Centers. 

(3) Transient reimbursables, such as ships, will be targeted by the 
base utilities division, working with the chief engineer or other cogni- 
zant person in the using facility. 

(4) Reimbursablesti arenotu.nderUSN jurisdictionwillbetreated 
like the custartsrs of a plblic utility canpany and will not be targeted. 
Thesemuld include: 

Municipalities. 
Army, USAF, GSA, and other federal facilities. 
Utility caqmies and private industrial custaners. 

Navy hcusing slmuld be included in this category if it is outside the 
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activity and cannot be included in the activity's conservation program 
(se PO-305). 

A total actual expenditure should be incltied for Ilon-targeted facil- 
ities in the target calculation, based on meter readings for the target 
period. If the non-targeted facility is not metered, the entire target 
calculation for the targeted areas IMY be invalidated: metering should be 
installed as soon as possible. Bmever, in the case of minor non-targeted 
remsables, engineering judgmentsbased on experiencewith similar 
facilities may be substituted. 

2.2.8 Interpretation of Quantity Targets. Theccxnparisonofactualquan- 
tities to target values will always indicate a discrepancy because perfect 
control of all factors of operation is impossible. The difference will 
provide a measure of the effectiveness of the operation, and significant 
deficiencies should be explained to the Public Works Officer. When the 
variance is greater than five percent, typical areas which should be inves- 
tigated are: 

(1) Excessive 
7 

stem losses due to oversized transformers. 
(2) Excessive I R losses due to improperly sized conductors or long 

l-voltage distribution runs. 
(3) 
(4) 

tions. 
(5) 
(6) 

lighting. 
(7) 
(8) 

Imprope.r schedulingoflargepowerlcads. 
Excessive systems losses due to unnecessary voltage transforma- 

Use of oversized equipnent, resulting in excessive motor losses. 
Excessive use a&/or poor maintenance of street and flood 

Poor conservation practices in specific areas. (see MO-305) . 
Accuracy of target inplt information. 

2.3UNITCOSTTARGEI'S. Unit cost targets, based upon actual and targeted 
quantities, will be developed for the cost of utility pchased, prodwxd, 
poduced and purchased, and the cost of utility delivered. The electrical 
unit cost targets, like the electrical quantity targets, will be prepared 
on a monthly basis. Prior to the establishnent of unit cost targets, can- 
plete Table 2-11 as indicated. 

2.3.1 Purchased Unit Cost Target. 
(1) use actual daMnd quantities in order to determine the activities 

billing demand. If the actual daMnd is excessive - if it extends within 
thepreniumraterangeorapForoaches it -calculatetargetdemandinaccar- 
dance with the demand usage factors in Table 2-3. This will serve as a 
guide for conservation in subsequent target periods. mltiply the total 
(Table 2-4) by 1.12 for canplted target. The target factor, 1.12, accounts 
for targeted line and transformer losses for that period. 

(2) Calculate the targeted monthly cost for purchased electricity by 
applying to the rate structure billing demand figures and the actual quan- 
tities incurred for the remaining variables of the bill. 

(3) The unit cost target purchased will equal the target rrrxthly cost 
divided by the actual utility pxchased, line four (4) of Table 2-11. 

2.3.2 Prcduced Unit Cost Target. The produced unit cost target will be cb- 
tained by adding the partial cost of production, as obtained on line six 
(6) of Table 2-12, to the flll[l of the.~targeted costs of diesel and steam 
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production which are determined below. 

2.3.2.1 Diesel or Gas Turbine Production. For each unit: 
(1) Multiply actual kw.-hr. by the factor given in Tables 2-13 for 

diesel oil or 2-14 for gas to obtain the target constrmption. If the B.t.u/ 
gallon of oil or B.t.u./cubic foot for gas differ fran 143,190 B.t.u. or 
1000 B.t.u., respectively, correct the factor as shown in the Tables. 

(2) The targeted cost or costs for fuel consumed are determined by 
multiplying the targeted quantity or quantities of fuel (diesel or gas) by 
their respective actual costs in $ per gallon and/or $ per M cubic feet. 
Multiply by 1.007, a factor canprising costs of lube oil and production 
operation and maintenance material, to obtain the target cost for diesel 
or gas fuel production. 

2.3.2.2 Steam Production. Steam generation at Naval Shore Facilities may 
be class'ified urder one of four basic types: condensing, extraction-con- 
densing, exhaust, and extraction and exhaust (see Figure 2-2). A few ac- 
tivities use topping turbines. The targeted cost for steam production will 
be determined as follows: 

(1) Nbn-Condensing Units. For each unit, enter the required data on 
lines one (1) through eight (8) of Table 2-15. Cunpletion of lines three 
(3) and six (6) of Table 2-15 will require metered and/or estimated monthly 
quantities of steam taken frcxn each extraction point and the exhaust point. 
Where metered values are not available, these quantities should be esti- 
mated based on the multi-use steam records of the power plants. The re- 
maining data of Table 2-15 shxld be obtained by using the manufacturer's 
design or acceptance test criteria which xould prevail for "average load- 
ing" conditions on a particular machine. Proceed to the&Hlierchart 
(Figure 3) and determine, as in E&ample I of Figure 3, the throttle en- 
thalpy, the enthalpy at each extraction, and the exhaust enthalpy by using 
the pressure-tgnperature conditions for 'average loading", previously ob- 
tained in Table 2-15. 

(a) Exhaust Units. Calculate the targeted M pounds of steam 
ckrged to electrical utility by using the formula on line one (1) of Table 
2-17. The targeted cost for exhaust units is determined by multiplying 
the target& quantity of M potis of steam by the actual cost of steam 
charged to electrical production in $ perM@s. 

(b) ExtractionaxlEkhaustUnits. Calculate the targetedM 
pour& of steam charged to electrical utility by using the formula on line 
tw (2) of Table 2-17. The targeted cost for extraction a.rd exhaust units 
isdetermin ed by multiplying the targeted guantity of M pounds of steam by 
the actual cost of steamchargedto electrical production in $ per M 
pounds. 

(2) cotiensing units. For each unit, enter the required data on 
lines one (1) thrcugh seven (7) of Table 2-18. Canpletion of line four (4) 
will requiremetered and/or estirnatedrrxxkhlyquantities of steam taken 
franeachextractionpointof the turbine. Nheremetervalues are not 
available, these quantities should be estimated nrxkhly quantities of steam 
taken franeachextracTtionpoi.ntof the turbine. Wheremetervalues are 
not available, these quantities sbuld be estimated based on the multi-use 
steam utility records of the m plant. The renaining data for lines 
tan (2) thraugh seven (7) shnild beobtain~byusing themanufacturer's 
design or exceptance test criteria which m prevail for "average 
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loading" conditions ona particularmachine. 
(a) Straight Condensing Units. Determine the average steam 

rate of the turbine by using the approximate steam rate curves slmwn in 
Figure 2-4. Initial steam corditions, exhaust pressure, size of unit and 
average loading all affect the detexmina tion of this average steam rate. 
Refer to Figure 2-5 as an indication of the calculation for the average 
stem rate made, in this mm=, for the sample Activity. Calculate the 
targeted M pounds of steam charged to electric utility by multiplying the 
average steam rate by the actual energy output of the turbine, fran line 
one (1) of Table 2-17. The targeted cost for straight condmsing units is 
equal to the targeted quantity of M pour& of steam multiplied by the 
actual cost of steamcharged to electrical prcduction in $ per Mpounds. 

(b) Extraction Cor&nsing Units. Using the Bollier chart (Fig- 
ure 2-3) determine, as in E3rample I of Table 2-16, the throttle enthalpy, 
the enthalpy at each extraction, and, as in Example II of Table 2-16, the 
exhaustentha1py. The assumptionhasbeenmdethattheextractedstem 
does not contain a "significant percent of moisture" as, if it did, its 
point on the ml1ie.r chart could not be determined unless the moisture 
contentwas known. This procedure is relatively difficult ard it is rec- 
amnerded that the manufacturer's turbine specifications be referred to 
whenobtaining themoisture percentage. Calculate the targetedMpounds 
of steam charged to electrical utility by using the forrmla on line three 
(3) of Table 2-17. The targeted cost for extraction cor&n.sing units is 
determined by multiplying the targeted guantity of M pounds of steam by 
the actual cost of steam charged to electrical production in $ per M pounds. 

2.3.3 produced and Purchased Unit Cost Target. The unit cost target pro- 
duced and purchased will equal the sum of the target dollar costs previously 
obtained for production and purchases divided by the net utility produced 
and prchased, line seven (7) of Table 2-11. 

2.3.4 Delivered Unit Cost Target. 
(1) (Xxnlmte the partial cost of distribution, as indicated on line 

five (5) of Table 2-19. 
(2) F'rcm the appropriate curve of Figure 2-6 select the yearly dollar 

cost for distribution operation and maintenance material which corresponds 
to thelengthof thedistribution system inmileswhichmaybeobtained 
frcm the activities drawings located in the Public Works Office. 

(3) The targeted cost for distrilxtion O&M material. is determined by 
multiplying the.yearly dollar cost of distrtition O&M by the desired 
month's actual distribution O&M and material cost for the previous year 
divided by the actual total distribution O&M material cost for the previous 
YW* 

(4) The targeted cost for distribution is determined by sumning the 
dollar cx>st for the partial cost of distribution ard the target cost for 
distribution O&M material. 

(5) The unit cost target delivered will equal the sum of the targeted 
dollar costs for distribution, production ard ~chases, which '..-re been 
previously obtained, divided by the net utility delivered, lir~ . Lne (9) 
of Table 2-11. 

2.3.5 Interpretation of the Unit Cost Target. Ccqarison of r.-,,geted unit 
cost valuesversus actual unit costs .:-Lues' provides managemz.. ~Lth a 



of weighing the efficiency of a utilities operation by utilizing a method 
of cost control which is not wholly dependent upon the successful satisfac- 
tion of quantity target estimates. As unit costs should not vary, within 
sensible limits, merely because the quantity of energy distributed differs 
fran the estimate, the limits which rmst be watched are when significant 
excess electrical demands force the use of inefficient generation and/or 
added purchases to meet the higher-than-anticipated requirements. 

2.4 SPECIAL ACTIVITIES. Certain activities, notably tlxxe servicing ships 
at piers, those with extensive industrial loads, and thxewithhigh inter- 
mittent peaks, such as -cations stations, do not lend thenselves to 
targeting by applying usage factors. The nore carmon of these are dis- 
cussed in the paragraphs that follow. In highly special cases, the JX?WFAC 
E&gineering Field Division should be consulted for a special target analy- 
sis. 

2.4.1 Ships. Theloadsreguiredby shipsalongside thedockare the sum 
of the hotel loads and loads due to special activities, such as testing, 
battery charging, -ications and repair and maintenance work. All 
ships of the United States Navy log the operating hours of major equip- 
ments on board, and this practice, extended if necessary to include equip- 
ment brought on board fran shoreside to perform special operations, should 
be used to target special activities. The normal hotel loads aregiven in 
Table 2-20. The target is obtained by applying total hours on shore power 
to obtain kw.-hr. for hotel services, and adding special energy conwtion 
as obtained from the log. An example is given in Table 2-21. 

2.4.2 Cannunications Sguipnent. 

2.4.2.1 Enerqy Target. Gxanunications transmitting equiprent is subject 
to eloads thatcanrmotbetarqetedbyuseof standard formulae, since 
they depend on thevariablereguixmentsof scheduled andnonscheduled 
traffic. Further, then* of transmitters on the line andon standby, 
and their duration in these states, adds to air-conditioning loads and 
subtracts fran heating loads. Conservation is possible with the coopera- 
tion of the c armunications officer in charge and the staff officers respon- 
sible for scheduling transmittals, as follows: 

(1) Bykeeping only those trantitters on standbythatarereguired 
to ensure that genuinely urgent messages will get through. It takes only 
a few minutes to warm up most transmitters for less urgent messages. 

(2) By scheduling routine trananissions so that messages are sent in 
groups (to avoid starting up and shutting down equipment) aryl so that, if 
possible, all messages at a given po*r and frequency range are sent con- 
secutively over one trantitter. 

(3) By ensuring that, when possible, the trantitter with the least 
po~~necessaryto ensureclearreceptionwill beused. Thisisbyno 
means a clear-cut proposition , especially with long-range carmunications 
atthelower errdof the frequency spectrum (I-IF to LF),tichis subject to 
atmospheric interfererxe and variable skip distances. Dut it should be 
possible, with planning, to avoid the situation where 10 kw. transmitters 
are used when 1 kw. muld suffice, because too many transnissions are 
beingattargted simultaneously inthelkw. range. 
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To calculate brget data, the follcwing imfOmati0n is required: 
(1) Ratingoftranmitters (ardothermajoritmsofe@~t) in 

kW. 
(2) Standbypowxrequir~ts (franmanufacturer'shandbcoksor 

specifications). 
(3) Heat dissipated. 

MYIFS: If B.t.u. of heat dissipatim is mt given in manufacturer's data, 
assume thatstardbypxer (inwatts) =hsatdiss+ted, sincees- 
sentiallyallthestandbypuwxisusedinkeepingthesysten 
WanlEd up. 
Incalculatingtotalquantitiesofheatdissipatedbyeachequip 
ma& subtracttheheatrefwmdbyanyspecialequi~tcoolirq 
systmthatdischargesheatcutsidethetilding. 

(4) Illmbr of scheduled tranmi ssions per day, and total actual 
transnittingtimeintargetperiodateachrequired~~t,abta~ 
frmlogof czcmnunications statian. Transmittingtimemayalsobedeter- 
minedbynmberofmessagesandaveragetranmitt&qtime (obtainedby a 
sampletimestudycweratvm-orthree-dayperiod). Thetargetdata 
shculdbebasedontherequired~leyel,nattheactuallevel,in 
cases~eanexr=essivelyhi~~~~~~sused. 

(5) Standbyrequirments. lkis wnild mnnally be one tranmitter on 
standbyineachfrequexy&wercategoryresemed foranergencytirms- 
missions, plus others as established by fleet directives. 

EXAMPLE (se Table 2-7): 
Ashore-to-shiptranmi tting stationhas transmitters,10 atlkw., 
4 each at 4 an3 10 lw., anl 1 at 100 lw. The tranmission energy is 
targeted by multiplying the lxananitting time at each pmer rating 
(whichmaybeabtainedas~in~le2-8)bytheratingand~~ 
a factor for warmp and tim energ&& betweem transmissions. 
Starrlbyenergyistargetedbyas~tbatonetransnitterinvital 
camunicatimsnetmrksiscmsbxxSyatalltims. Add tothis a&S- 
tionalstandbytr~ 'ttersasdmwded bydirectives and fleetre- 
qu-ts . 
Thestandbybrgetenergycanthenbecalailatedbymultiplyirqstand- 
byhoursbyratedsbr&ypower.TbtaltargetenergyreqGmnentsare 
obtainedbyaddingtranmittingtislxr&ytargetenergies. Apply 
theseasspecialloadstotheenergytargetforthef~or~ivity 
(see paragraph 2.2.3(4). 

2.4.2.2 DaMnl. Thedenandpictureata amnmications stationisdanina- 
tea~t4iFE&iranents (incluS.ngaircor&itiming)ofthe majortrans- 
mitting units. Atypicalloaddistxibutiamightbe: 
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carmunications Quipnent 
Mechanical Ventilation and Pumping 
Air Corditioning 
Lighting and Miscellaneous 

190 kva. 
6 kva. 

77 ha. 
10 kva. 

283 kva. 

with a rrexinnm at 90% demand factor of 255 kva. 

If denand is a critical itgn, because of premium dd charges or the 
threat of ovaloads a.rdbrown-outs,danandcanbe targeted in terms of 
maxirmannrpnberoftransnittersoperatings~taneously. 

In the example in Table 2-7, the 100 kw. transnitter is the limiting 
element. Assume ptxnium rates start at 200 kw.: 

Transnitter 
Air Corditioning 
Miscellaneous 

100 ksv. 
77 kw. 
16 kw. 

193 lcw. 

Thus, to allow a margin, the target can be expressed simply as "no 
other transmi tters operating when 100 kw. transnitter is operating." When 
there is no dcminan t high-med LJ? transmitter, denend can be developed, 
for example, in terms of transnitters on the line, starting with the high- 
estpoweredormostnunerous: 

No. of 10 kw Max. Max. 
transnittersoperating 4kw lkw 

4 0 4 
1 0 

3 2 0 
1 4 

2.4.3. Tters. canplter loads are relatively high, kt they are steady 
and easily targeted. Normallyaccqxkixisonline atalltimes,except 
for minimal downtime for maintenance and repair, or for one or two shifts 
eachday. Since the axn@eruses littlemore -when it is operating 
thanwhm itison thelinebakidle,thehoursenergizedcanbeu&for 
bIrgeting purposes. It is importantthatdckJntimebelogged, especially 
in cases where the ccmplter is out of carmission for several hours or more 
due to a failure. canputer load targets are calculated by multiplying on- 
linehoursbyratedload. Apply them as special loads to the distribution 
target. 

2.4.4 HeatingtiAirconditionirrq, ElectronicEqu'pnent. Ormnunications 
equiFment, amputers,and saneother typesofeleckic equipnentgive 
off greatquafitities ofheat,whichwill greatly increaseair conditioning 
loads in the sunnerbutwillalsocontrilxte substantial savings inheatiq 
duringthewinter. Ifdirectdataonheatdissipationarenotavailable 
forccnmunications equi-t, theheatingloadcanbe assunedtobe the 
sameastheratedstandbyload (inkw.),sincetheplrposeofstandby~ 
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is tokeepthe filaments andotherheating elmentswamedup. This rated 
star&y load is used for heat dissipation calculations m the equipmnt 
is inuse, aswell as on standby. 

Clearly,heatremved frunelectronic equipmntwill be recirculated 
within the lxlildingduring the heating -son, assuming the system is pm- 
perly designed and managed. Therefore, the +;trset should be calculated on 
this basis even if, in fact, there are not now provisions for recirculat- 
ting. In suchacase, the targetvaluecanbeccmparedwithactualheat~ 
loads to obtain a close dollar prediction of savings that can be realized 
by installing recirculating ducts and/or fans. See Table 2-10 for sample 
heat load calculations for cutmunications, cuqxters, and other equipmt. 
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TABLEi 2-1 (1 of 3) 
Detailed Invenbq of Naval Shore Facilities 

Cross-Reference 
Index 

Bldg. or Category Name of Location of 

S&UC. No. Code Installation Installation 

a 72 l-20 Building Summary 
I 

9 216-10 

10 

11 218-20 

H-l 711-11 

Land Summary 

I 

Grounds 

(Acres) (Acres) I 
Plant Value $ Dollars 

H-2 711-11 

H-3 711-11 

h44 125-50 

I I 

Component/Tenant Activities (A) Noncontiguous Areas [N) 

T26 310-90 Tenant 1 /A/ 

T28 610-10 Tenant 2 /N/ 

610-10’ 

171-20 

219-10 

610-10 

610-90 

442-10 

520-10 

721-10 

721-10 

31@20 

219-90 

PART I- PropertY 

Principal 

Function or 

Product 

Structures and Utilities Summary 

Tenant 3 /A/ 
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!rAEm 2-l (2 of 3) 
Detailed Imret-hry of Navdl Shore Facilities 

PAKrII- Red. hroperty Detail 

Name of Installation Location of Installation 

Code Description/Local 

124-30 Star. Tanks 
124-30 Tank Jet Juel 

* Category Total 

132-10 Antenna-Trans. 

132-10 Antenna-Bldg 2 
* Category Total 

136-30 Runway Lighting 
* Category Total 

151-20 Concrete Pier 1 

151-30 Concrete Pier 2 
* Category Total 

171-20 Appl. Inst. Bldg 
l Category Total 

216-10 Ammo Rework Shop 
l Category Total 

218-20 Const. Equip. Main. Shop 
l Category Total 

219-10 P.W. Main. Shop 

219-90 Misc. Productions 
l Category Total 

442- 10 Warehouse 
l Category Total 

520- 10 Hospital 
l Category Total 

610-10 Admin. Bldg 

610-10 Admin. Bldg 
610-90 Admin. Other 

* Category Total 

Category r Area 
Total 

11735 SY 
6540 SY 

18275 SY 

2240 SF 
2240 SF 

3400 SF 

3400 SF 

10000 SF 
10000 SF 

8500 SF 
5000 SF 

13500 SF 

13250 SF 

13250 SF 

6135 SF 
6135 SF 

4650 SF 

5200 SF 
647 SF 

10497 SF 
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1 
Build 
strut. 

Number 

2 

9 

11 

3 
11 

4 

5 

1 

3 
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Continued Name of Installation Location of Installation 

Category 
Area 

Build 

Total 
strut. 

Code Description/Local Number 

711-l 1 Quarters 1690 SF H-l 
7 1 I- 11 Quarters 1565 SF H-2 
711-11 Quarters 1390 SF H-3 

* Category Total 4645 SF 

721-10 Barracks EM 2158 SF 6 
721-10 Barracks EM 2158 SF 7 
72 l-20 Barracks EW 1401 SF 8 

* Category Total 5717 SF 

812-20 Street Lighting 

8 12-50 Flood Lighting 
812-50 Flood Lighting 

l Category Total 

Tenant “1” 

310-20 Chem. Lab. 1863 SF 10 
1 Category Total 1863 SF 

Tenant “2” 

310-90 Rocket Test Bldg 236 SF ‘I26 
* Category Total 236 SF 

610-10 Admin. Bldg 104 SF T28 
* Category Total 104 SF 

Tenant “3” 

124-90 Gas Storage Tank 
l Category Total 

125-45 Pumping Station 320 SF M-4 
l Category Total 320 SF 

TABI%. 2-1 (3 of 3) 
rM.ailed Inventory of Naval Shore Facilities 

PARrII- Real Property Detail 
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DOD Property Record 
Name of Item: 

SAW 

SECTION I - INVENTORY CODES 

I 8. Present Location 

Bldg. 3 

I SECTION II - INVENTORY DATA 

I 18. Description and Capacity: Saw - Electric Motor Driven 

I SECTION III - ACQUISITION AND TRANSFER 

SECTION IV - DISPOSITIONAL DATA 

1 42. SECTION V -ELECTRICAL CHARACTERISTICS 

Quantity 
Horse- 
Power 

Volts Phase Cycle AC DC 

1 5 220 1 60 X 

DD Form 1342 
l&r61 
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Navy 

Code 

121-All .21 .09 .64 .28 216-60 

122-All .21 .09 .64 .28 216-Other 

123-All .22 .08 .73 .26 217-All 

125-All .28 .12 .94 .41 218-10 

126-All .02 .03 .07 -11 218-20 

131-40 .99 .33 1.32 .44 218-40 

13 1 -Other 1.38 .46 1.50 .50 218-50 

133-40 .29 .15 .74 .39 2 lb-other 

133-70 1.38 .46 1.47 .49 219-10 

133-Other .87 .46 .95 .50 219-Other 

141-10 .42 .22 .82 .43 22 l-All 

141-20 .12 .05 .25 .ll 222-All 

141-30 .32 .19 .82 .48 223-A11 

141-40 .55 .22 1.08 .43 225-30 

141-60 .30 .13 .94 .41 225-Other 

14 l-Other .27 .16 .71 .42 226- 10 

159-All .15 .08 -40 .21 226- 15 

171-10 .24 .12 .64 .32 226-20 

171-20 .25 .12 .61 .29 226-35 

171-30 .ll .14 .36 .45 226- 40 

171-40 .08 .04 .32 .17 226-55 

171-Other .12 .07 .39 .23 226-65 

211-10 .53 .14 .12 .32 226-Other 

21 l-30 .68 .18 1.75 .46 227- 10 

21 l-40 .26 .08 .73 .22 227-20 

211-50 .57 .13 1.32 .30 227-40 

211-60 .26 .08 .73 .22 227-Other 

21 l-70 .26 .08 .73 .22 228-10 

21 l-Other .13 .08 .40 .25 228-Other 

212-All .20 .07 .59 .21 229- 10 

213-30 .18 .08 .46 .21 229-20 

2 13-Other .52 .20 1.22 .47 229-30 

214-A]] .52 -14 1.37 .37 229-40 

215-All .48 .17 1.32 .47 229-Other 

216-10 .22 .08 .62 .22 3 lo-20 

216-20 .22 .08 .62 .22 310-30 

216-30 .20 .07 .59 .21 310-44 

216-40 -12 .lO .37 .31 310-58 

216-50 .22 .08 .62 .22 3 lo-68 

'Bd3.E 2-3 (1 of 3) 
Usage Factors for Energy and Demand Calculations 

Usage Factor Usage Factor 
For For 

Energy Demand 

Area 
I 

Load Area Load 

Navy 
Code 

Usage Factor Usage Factor 
For For 

Energy Demand 

Area Load 

.43 .14 

.39 .14 

.23 .09 

.37 .16 

.25 .09 

.15 .07 

.31 .14 

.27 .15 

.19 .07 

.09 .05 

.26 .08 

.20 .07 

.ll .07 

-12 .05 

.17 .05 

.48 .17 

.28 .lO 

.22 .08 

.22 .08 

.22 .08 

.22 .08 

.22 .08 

.23 .lO 

.35 .14 

.35 .14 

.35 .14 

.66 .20 

.29 .09 

.66 .20 

.lO .08 

.18 .14 

.18 .14 

.08 .09 

.42 .13 
.46 .lP 
.03 .Ol 
.43 .lO 

.46 .lP 

.12 .07 

Area Load 

1.19 .38 
1.06 .38 

.60 .24 

.94 .41 

.70 .25 

.46 .22 

.81 .37 

.68 .38 

.57 .21 

.31 .18 

.73 .22 

.59 .21 

.26 .17 

.29 .12 

.41 .12 

1.18 .42 
.70 .25 

.62 .22 

.62 .22 

.62 .22 

.62 .22 

.62 .22 

.62 .27 

.88 .35 

.88 .35 

.88 .35 

1.65 .50 
.77 .24 

1.65 .50 
.39 .30 

.57 .44 

.57 .44 

.24 .27 

1.02 .32 

.98 .41 

.lO .04 

.86 .20 

.98 .41 

.27 .16 

A 
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DBLE 2-3 (2 of 3) 
Usage Factors for Energy and Demand Calculations 

310-Other 

421-All 

422-All 
423-All 
431-All 

432-A11 

441-20 

441-30 

441-40 
44 l-Other 

442-10 
442-20 

442-30 

442-40 

442-50 

442-60 

4 42-Other 
510-All 

520-All 

530-10 

530-20 
530-Other 

540-All 

550-All 

610-All 

620-All 

690-All 

71 I-All 
712-All 

714-All 

72 l-20 

72 l-Other 

722-20 
722-Other 

723- 10 

723-20 

723-30 
723-Other 

724-30 

724-Other 

730-10 
730-15 

730-20 

Area Load 
I p 

.22 .lO 

.16 .18 

.16 .18 

.16 .18 

.15 .17 

.20 .22 

.16 .23 

.13 .18 

.13 .18 

.12 .20 

.24 .16 

.32 .19 

.27 .16 

.27 .16 

.20 .13 

.24 .16 

.27 .18 

.26 .20 

.38 .21 

.30 .08 

.20 .08 

.45 .18 
-26 .08 
.23 .ll 

.45 .16 

.74 .23 

.17 .lO 

.09 .09 

.lO .lO 

.Ol .Ol 

.34 .14 

.35 .15 

.26 .16 

.22 .16 
.65 .18 
.25 .18 

.21 .08 

.Ol .Ol 

.31 .13 

.18 .lO 

.07 .05 

.32 .23 

.26 .12 

irea 

.51 

.43 

.43 

.43 

.41 

.41 

.32 

.34 

.31 
.31 

.60 

.a3 

.68 

.68 

.57 

.60 

.72 

.54 

.50 

.70 

.48 
1.03 

.61 

.53 

1.09 

1.34 

.61 

.22 

.25 

.02 

.53 

.58 

.56 

.50 

.83 

.57 

.55 

.02 

.58 

-43 
.14 

.56 

.59 

J 

Load 

.23 

.48 

.48 

.48 

.45 

.46 

.45 

.48 

.44 

.51 

.40 
.49 

-40 

.40 

.38 

.40 

.48 

.27 

.28 

.19 

.19 

.41 
-19 

.25 

.39 

.42 

.36 

.22 

.25 

.04 

.22 

.25 

.35 

.36 

.23 

.41 

.21 

.04 

-24 

.24 

.ll 

.40 

.27 

c;oae 

730-30 

730-35 
730-40 

730-45 
730-50 

730-55 

730-60 

730-65 
730-70 

730-Other 

740-10 

740-14 
740- 18 

740-23 

740-26 
740-30 

740-33 
740-36 
740- 40 

740-43 

740-46 

740-50 

740-53 

740-54 

740-56 

740-60 

740-63 

740-66 
740-70 

740-73 

740-76 
740-80 

740-83 
740-86 

740-88 
740-Other 

750-All 

81 l-20 

811-60 
bll-Other 

821- 10 

821-20 

821-30 

Usage Fat tor 
For 

Energy 
- 

Area Load 

.48 .23 

.65 .18 

.13 .16 

.21 .08 

.17 .lO 

.18 .lO 

.19 .lO 

.46 .27 

.24 .14 

.20 .14 

909 .lO 

.40 .18 

.49 .18 

.35 .16 

.16 .12 

.25 .09 

.56 .18 

.29 .08 

.17 .lO 

.41 .24 

.17 .lO 

.18 .08 

.37 .22 

.30 .16 

.90 ‘.06 

.27 .lO 

.34 .12 

-34 .12 
.27 .lO 

:44 .26 

.44 .26 
.ll .14 

.46 .27 

.22 .16 

.36 .24 

.08 .07 

.08 .19 

.56 .35 

.07 .06 

.61 .38 

.35 .22 

.42 .26 

.42 .26 

Usage Factor 
For 

Demand 

Area Load 

.92 .44 

.86 .24 

.31 .39 

.55 -21 

.61 .36 

.65 .36 

.67 .35 

-88 .52 
.58 .34 

.48 .34 

.23 .26 

.92 .42 
1.30 .48 

.86 .39 

.46 .35 

.78 .28 

1.49 .48 
.68 .19 
.43 .25 
.77 .45 

.43 .25 

.46 .20 

465 .38 
.70 .37 

2.25 .15 

.70 .26 

.81 .29 

.81 .29 

.70 .26 
.82 .48 

.82 .48 

.27 .34 

.88 .52 

.56 .40 

.77 .51 

.23 .19 

.18 .44 

.67 .42 

.20 .17 

.72 .45 

.51 .32 

.62 .39 

.62 .39 
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TABIJ3 2-3 (3 of 3) 
UsageFactors forEslergyandDaMndcal&tions 

EXHIBIT 2-4 (3) 

Navy 
Code 

821-50 

821-Other 
831-All 
832-All 

833- 10 
833-50 
833-Other 

841-All 

842-20 
842~Other 
890-20 

For 
Energy 

Area Load 

.30 .19 .54 .34 

.25 .19 .44 .34 

.lO .12 .23 .29 

.15 .19 .29 .36 

.09 .lO .29 .32 

.04 .18 .lO .48 

.15 .07 .46 .21 

.27 .14 .79 .41 

.18 .14 .53 .41 

.02 .08 .09 .29 
.14 .14 .37 .37 

Area Load 

890-40 
890-Other 

street 
Lighting 

Security 
Lighting 

Airfield 
Lighting 

Area Load Area 

.18 .18 .44 

.17 .19 .41 

- .44 - 

.44 - 

- .21 - 

Load 

.44 

.46 

- 

- 

Note: For Navy Codes where double shift operations occur; the usage factors for energy area & load 
should be multiplied by 1.28. Caution: Do not USC where less than 16 hours operation occur. 

- 
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TABLEI 2-4 
Noma1 Cbmected Load 

BUILDE 
AREA ( PRINCIPAL CONN. USAGE FACTORS TARGETS 
(xl000 SF) LOADS (2 kwhr) DEMAND ENERGY DEMAND ENERGY 

28-PUBLIC WORKS 219-10 21.06 .57 l 19 12.0 4.0 

AIR COMPRESSORS 40 kw .21 .07 8.40 2.80 
(2) at 20 kw 

MOTOR VENT 13 .21 .07 2.70 0.91 
FANS (2) 
at 6.5 

Oil Pumps (2) 
at 2 

4 .21 .07 0.84 0.28 

Circulating Water 8 .21 .07 1.68 0.56 

Sl-MAINTENANCE 217-10 9.00 .60 .23 5.40 2.07 
SHOP 

EXHAUST FANS 
(2) at 2.5 

DRILL PRESS 

CRANE 

MG SETS (2) 
at 50 

5 .24 .09 1.20 0.45 

8 .24 .09 1.92 0.72 

50 .24 .09 12.00 4.50 

100 .24 .09 24.00 9.00 

VIBRATION 
TESTER 

(see special loads) 

70.14 kw 25.29 kw 



TAJ3LEI 2-5 
Special Loads 

RATING HRS 
WV OPERATION1 kWH DEMAND 

VIBRATIONTESTER 60 4.5 270 60 

PUMPS,DRYDOCK 
NO. 2 

(4 at 80) 320 8.0 2560 2560 

TOTAL 2830 25602 

ktbtal hours operation during target period - one mnth. 

%sumoperationsplannedto avoidsimltaneous operationofpmps and special 
test equigfnent. 



TABLE 2-6 
M&or tight- - Feeder No. 2 

Number of Days Total 
No. of Rating Total Avg. Hrs/Dav Total in Total Hrs in 
Lamps Watts Period 

Target 
Hours Period Excluded Period Kw-hr 

(1) (2) (4) (5) (6) (7) opefsajting (5) x (8) (3) x (9) 

South Parking Lot 

30 600 16 Sunset/ 6.5 30 9 (Sat., 21 137 2466 
12M Sun., Hol. ) 

Street - Sector No. 2 

55 550 30 Sunset/ 
Sunrise 13 30 30 390 11700 

Security - Missile Storage 

10 400 4 Sunset/ 
Sunrise 13 30 30 390 1560 

TOTAL TARGET KW-HR 15726 



TABLE 2-7 (1 of 2) 
summaryCalculat~(For30-Day~iod)-FeedeJ:#l 

I. ENERGYTARGET 

SERVICE &NORMAL 
CONNECTEDLOADS(Table 2-4) 

AVE. POWER 25kw 

No. of Hrs. In Period X 720 

TARGETkw-hr 18,000 kw-hr (1) 

SPECIAL LOADS q(Table 2-5) 

OUTDOOR LIGHTING (Table 2-6) 

ELECTRICHEATING 

2,830 kw-hr (2) 

15,726 b-hr (3) 

BTU(See Chapter 4, Table 4-2, 
Iteml) 32 x lo6 

Conversion factor X 293 ~10'~ 
9,376 kw-hr (4) 

45,932 TOTAL Q)thru(4) (5) 
LINE&TRANSFORMER-LOSSES 2,756 

6%of(5)orcakulated 

TARGETkw-hr 48,688 kwhr 

h 
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TABLE 2-7 (2 of 2) 
Suaxaq Calculations (For X)-my Period) - Feeder #l 

II. DEMAND TARGET 

SERVICE & NORMAL CONNECTED LOADS 
(Table 2-4) 

64 kw (1) 

SPECIAL LOADS (Table 2-5) 

Vibration Tester 60 kw (2) 

NOTE: Assume Dry Dock Pumps are run 
during offpeak hours, per Activity 
Conservation policies. 

OUTDOOR LIGHTING (Table 2-6) 42 kw (3) 

ELECTRIC HEATING, from DD1342, Property 
Record Card 

38 kw (4) 

NOTE: Use full rated or metered capacity, 
if full plant cycles on even during 
periods of limited BTU consumption. 

TOTAL, (1) thru (4) 204 kw (5) 

LINE & TRANSFORMER LOSSES 
(0.12 x (5) 0 r calculated) 24 lw 

TARGET DEMAND 228 kw 
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TABLE 2-8 
Sample cllculation for ccerrnunicati0r-r Station 

1. Transmitters 

Rating, 
No. Operational (kw) Standby (kw) Remarks 

10 1 0.12 
4 4 0.9 
4 10 2.6 
1 100 5.8 Liquid cooling, 

capac. 150 x lo+ 
Btu/hr (ti.4 kw) 

2. Number on Standby 

Full time one 1 kw 
one 10 kw 

Fleet maneuvers, Jan. 15 - Jan. 28 = 13 days 
one 4 kw 

3. Target Energy Consumption 

(a) Transmitting Time (Table 2-9) kw-hr 

1 kw: 236 hr 236 
4kw: 122 hr 488 

10 kw: 58 hr 580 
100 kw: 36 hr 3600 

4904 kw-hr total 

(b) Standby 

0.12 kw (standby power) x 30 days x 24 hr = 86 lw-hr 
1.1 kw x 30 ” x ” = 792 
0.9 lcw xl3 ” x ” = 281 

Total 1159 kw-hr 

(c) Totals 

Transmission (total 3a) 4904 
10% for warmup and time 

between transmissions 490 
Standby (total 3b) 1159 

Energy Target 6553 kw-hr 
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TABLE 2-9 
Saqle Calculation for Tmmnitting Time 

Transmissions, 10 kw Time (minutes) 
January 15 (Logged by Operator) 

0900 5.2 
0906 3.2 
0910 10.8 
0915 7.2 
1220 3.7 
1224 9.2 
1233 11.2 
1612 7.9 
1621 8.2 
1631 9.8 
1642 8.2 

11 messages 84.6 minutes 

Messages Minutes 

rotals 

22 (Jan. 16) 
19 (Jan. 17) - 

52 

(Calculated as for 
Jan. 15, above) 

178.2 
138.7 

401.5 

\verage 401.5 = 52 7.72 minutes/messages 

rota1 for Month: 452 messages x 7.72 60 minutes/messages = 58.2 hours 
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TABIE 2-10 
SpecialE;quipnentHeating/AirConditioning 

CXmnunications Ekmiunent 

1. Standby Energy Consumption (Table 2-8, 3-b). 1159 kw-hr 

2. Tbtal Tranmitting Heat (Table 2-8, 3-a). 

1 kw trans.: 236 hr x 0.12 kw 28 lw-hr 
(use standby pmer rating to calculate heat 
if Btu output is not available- see Table 2-8 par.1) 

4 kw trans.: 122 hr x 0.9 kw 110 
10 kw trans.: 58 hr x 2.6 kw 151 

100 kw trans.: 36 hr x 5.8 lw 209 

subtotal 498 kv-hr 

Iess heatrermved by liguid cooling 
(Table 2-8 par. 1): 36 hr x 4.4 kw 158 

Md 10% for wamup and time between tranmissions 34 

Target Heat Production 374 lw-hr 

374 *l-u = 1.27 x lo6 Btu . 293 lw-hr/Btu 

3. Application. 

Addthisheattothe total air conditioning load (Chapter 5) or 
subtract frcm total heating load (Chapter 4 or par. 2.2.3). 

Canputers: RatedBtu/hr xhourson line. 
Transformers (insidebuilding): F&tedBtu/hr xhours energized 

less heat dissipated externally by convection cooling system. 

MX!E: Fortargetplrposes, assume thatinthe heating seamheat 
francunputers,intemaltransfonners,andsimilarequipnent 
is dissipated internally in building, since gocd practice de- 
mardsthat~ipnentheatr~~systems~ideforinternal 
re-circulation to reduce heating systemloads. 

Other: See manufacturer's specifications. 

AcM equipwntheatto air oonditioningload (Chapter 5) or subtract 
fmn heating loxI (Chapter 4 or par. 2.2.3). 
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(1) Gross Plant Production (actual) 
(2) Quantities Used in Woduction (actual) 
(3) Net Plant Production ((l)-(2)) 
(4) Pu.rchasedUtilities (actual) 
(5) Total Prod~tion and purchases = t(3)+(4)) 
(6) Interutility Transfers (actual) 
(7) Net Utilities Produced and Purchased = ((5)-(6)) 
(8) Quantities Imt in Distribution (actual) 
(9) Net Utility Delivered = t(7)-(8)) 

kfer to lines me (1) through eight (8) cm NavCmpt Form 2127 for 
this information. 
Note: linesakovedonot necessarilycorresprdto the lines on the 
NavCanpt Form 2127. 

TABLE 2-12 
Monthly Partial Cost of Production1 

(1) @eratim and bCntenance Labor Cost (actual) 
(2) Operation and IWntenance Contractual and Other 

Costs (actual) 
(3) ApFortionedGeneral PlantExpense (actual) 
(4) General EkpnseA~7plied (NIF) (actual) 
(5) Cbst Attributed to Electrical Interutility Tmns- 

fer (actual) 
(6) Partial Cost of Prcduction = ((l)+(2)+(3)+(4)-(5)) 

defer to lines sixteen (16) through twenty-seven (27) on Navcanpt 
Form 2127 for this infomation. 
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TABLE 2-13 
Monthly Targeted Diesel Fuel Cmsunption 

(1) Fuel Consumption Factor (see table below) 0.0703 

(2) Diesel Oil Weight (pound per gallon) (actual) 7.4 

(3) Heating Value (Btu per pound) (actual) 20,120 

(4) Btu Content per Gallon = ((2) x(3)) 148,888 

(5) Constant = (143,190 Btu per gallon) 143.190 

(6) Correction Factor = ((5)f (4)) 0.96 

(7) Corrected Fuel Consumption Factor (gallon perKW-HR)= ((1)x(6)) 0.0675 

(8) Total KW-RR produced of UK& (actual) 25,000 

(9) Target Fuel Consumption (gallons) = ((7)x(8)) 1,688 

Slow Speed (600 RPM & Under) High Speed (601 RPM & Above) 
T 

Gallons per KW-HR Gallons per KW-HR 

KW Rating KwRatiIlg 

Relow l/2 l/2 Load Below l/2 l/2 Load 
Load & Above Load & Above 

0 - 200 0 - 200 0.0797 0.0757 

201 - 500 201 - 500 0.0757 0.0716 

501 - 1,000 0.0757 0.0716 501 - 1,000 0.0757 0.0716 

l,OOl- 1,500 0.0743 0.0709 1,001 - 1,500 0.0757 O,d716 

1,501- 2,500 0.0730 0.0703 1,501 - 2,500 - 

2,501& over 0.0730 0.0703 2,501 &over 
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TABLE 2-14 
I&khlyTargeted Gas F'uelConsuq?tion 

EXHIBIT 2-15 

MONTHLY TARGETED GAS FUEL CONSUMPTION 

(1) Fuel Consumption Factor (see table below) 0.0106 

(2) Btu Content (Btu per C. F.) (actual) 950 

(3) Constant (1,000 Btu per C. F.) 1,000 

(4) Correction Factor = ((3) f (2)) 1.05 

(5) Corrected Fuel Consumption Factor (MCF per KW-RR) = ((1)x(4)) 0.0111 

(6) Total KW-HR Produced of Unit (actual) 25,000 

(7) Targeted Fuel Consumption (MCF) = ((5) x (6)) 278 

Slow Speed (600 RPM & Under) (High Speed (601 RPM & Over) 

MCF per IW-RR MCF per KW-I-II? 
Kw Rating Kw Rating 

I 
Below l/2 l/2 Load Below l/2 l/2 Load 

Load & Above Load & Above 

0 - 200 - 0 - 200 0.0150 0.0145 

201 - 500 - 201 - 500 0.0118 0.0108 

501 - 1,000 0.0113 0.0102 501 - 1,000 0.0118 0.0108 

1,001 - 1,500 0.0106 0.0095 1,001 - 1,500 0.0118 0.0108 

1,501 - 2,500 0.0106 0.0095 1,501 - 2,500 - 

2,501 & over 0.0110 0.0093 2,501 & over * - 
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1 rYW E/ EXTRACTION and EXHAUST 

Type I 1 CONDENSING 
. 

WlW ’ WKWth 

i 

Roturn Fwdwotw 

Type II /EXTRACTION-CONDENSING 

Return Ehoct~on b MullI-us. steam Roturn Fwdaolrr 

Type III / EXHAUST 

H- h 

FIGURE 2-2 
Basic Types of Steam Generation 

A 
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TAB% 2-15 
PkxkhlyD&aforNon-CondensingUnits 

For Throttle 

(1) Throttle Pressure (psia) = (psig +15) 

(2) Throttle Temperature (OF) 

FbrEachExtraction 

(3) ExtractionFlm (Mlbs) 

(4) Extraction Pressure (psia) - (psig + 15) 

(5) Extracticm lkmperature (OF) 

190 

480 

ForExhaust 

(6) Ekhaust Fluw (M lbs) 

(7) Exhaust Pressure (psia) - (psig +15) 

(8) Exhaust Wnperature (OF) 

350 

40 - 

300 
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EXHIBIT 2- 18 

pnpond for 
VDUKTH LDITION O? 

HEAT-POWER ENCINEIZRINO 
-., 

lb 
must 

FIGURE 2-3 
tbllier chart 
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‘IIABLE 2-16 
EZanples Using Mllier Chart 

Example I 

(a) Determine the throttle enthalpy for a given throttle temperature of 480°F and throttle 
pressure of 190 psia (Point A of Fig. 2-3). 

(b) Determine the extraction enthalpy for a given extraction temperature of 3750F and 
extraction pressure of 80 psia. 

(c) Determine the exhaust enthalpy for a given exhaust temperature of 300°F and exhaust 
pressure of 40 psia. 

Projection of the given pressure-temperature points on the Mollier chart horizontally to the 
border yields: 

(a) a throttle enthalpy = 1,262 Btu per lb 

(b) an extraction enthalpy = 1,220 Btu per lb 

(c) an exhaust enthalpy = 1,189 Btu per lb 

Example II 

Determine the exhaust enthalpy for a turbine having one extraction point given the 
following conditions: 

(a) Throttle.steam at a temperature of 480°F and a pressure of 190” psia (point A of 
Fig. 2-3) , 

(b) Extraction steam at a temperature of 228°F and a pressure of 21 psia (point B of 
Fig. 2-3), 

(c) Exhaust pressure of 1.5 in. of Hg. abs. 

Construct a linear line passing through the pressure-tempemture turbine and extraction 
points on the Mollier chart. Continue this line until it intersects the given exhaust pres- 
sure line. Projection of this intersection horizontally to the border will yield the exhaust 
enthalpy which, for the conditions given above, is equal to 1,020 Btu per lb. 
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TABLE 2-17 
Formula for Targeted Pounds of Steam 

(1) M Pounds of Steam = E, (HT-$),@T-F) [Non Condenaing ~ypeI d 

(2) M Pounds of Steam = ("r-%) +ijl "I(~T-~I 
I 

/(HT-F) 
[Non Condensing Type] 

(3) M Pounds of Steam = 

Where 

El = First Extraction Steam Flow (M Pounds) 

EN = Nth Extraction Steam Flow (M Pounds) 

E, = Exhaust Steam (M Pounds) d 

HT = Enthalpy of Throttle Steam .(BTU Per Pound) 

Hi = Enthalpy of First Extraction Steam (BTU Per Pound) 

HN = Enthalpy of Nth Extraction Steam (BTU Per Pound) 

HE = Enthalpy of Exhaust Steam (BTU 'Per Pound) 

F = Return Make-up Mixture Temperature Minus 32 (OF) =EquivalentBTUs 

J = Energy Output from Line One (1) of Exhibit2-21(MKWH) 

Example 

Calculate using formula (3) the M Pounds of steam for a turbine having 
four (4) extraction points. 

M Pounds of Steam = 

J(3600)1- (HE-F) 

(HT-F) 
El(HT-Hl) + E2(r,-H2) + E3(Hyv-H3) + Eq(%-Hq) 

(HT - HE) 

lconversion to BTUs 
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TABLE 2-18 
PbnthlyData for Coradensing Units 

(1) Energycutplt @iKwH) (actual) 25 

For Throttle 

(2) llrottle Pressure (psia) = (prig + 15) 

(3) Bxottle lbnperature (OF) 480 

I For EachExtraction 

(4) Btracticm Flow (M lbs) 

(5) Extraction Pressure (psia) = (psig + 15) 

(6) Extraction Tenperature (OF) 228 

ForExhaust 

(7) Exhaust Pressure (psia or in. Hg. abs.) 

wherepsia= psig + 15 and 

pia= 2 in. Hg. abs.) 
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THROTTLE PRESSURE, IN PSIG 

80 AND 100% LOAO 

7 0 9 IOIl 42 I3 I4 I5 I6 I7 IO 19202122 

APPROXIMATE STEAM RATE, IN LBS PER KW HR 

\ 
25000 

‘5oow 

FI- 2-4 
2Qp.mxjmateSteamRateauVes 
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PRESSURE, IN PSI0 

SW‘INF ILLUSTRATIO 

THE FOLLOWING CONDIT 

7 0 9101 II It I9 14 15 IO I? c9l9coalz9 

APPROXIMATE STEAM-RATE. IN LBS PER KW RR 
FlNlS” hLRE 

a--- - 

STEAM R&TE . IO.1 LOS. 

PER x1 HR 

FIGUREi 2-5 
EkampleUsingApproximateSteamRateCurves 
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TABIS 2-19 
Monthly Partial Cost of Distribution1 

(1) Operation ad I%intenance Labor Cost (actual) $ 2,717 

(2) Oprationandblkntenance contractual and Other Qsts 
bctual) 

(3) Apportioned GenLal Plant Expense (actual) 

(4) GeneralEkpenseApplied (NIT) (actual) 

(5) Partial Cost of Distribution = ((l)+(2)+(3)+(4)) 

1,543 

0 

0 

4,260 

b&f- to lines thirty-t~~ (32) through thirty-nine (39) on Navcanpt 
Fbrm 2127 for this information. 
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40,000 
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PREDOMINATELY OVERHEAD 
DISTRIBUTION 

PREDOMINATELYUNDERGROUND 
DISTRIBUTION 
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DISTRIBUTION SYSTEM (MILES) 

r- 

F'IGURE 2-6 
Annual OpcratingandM3in~eCostsasaFurvJtion 

of Length of Distribution Systen 
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TABLE 2-20 (1 of 4) 
Ship Services - Elecbdcal 

r Vessels 

Type 

Aircraft Carriers:2 

Attack, guided missile ........... 
Attack, guided missile ........... 

Attack, guided missile ........... 
Attack, nuclear ................ 

ASW support ship ............... 

Amphibious Warfare Ships:31 4 

Force flagship. ................ 
High speed transport (prior to 1947) ... 

Transport submarine ............. 
Transport dock. ................ 
Assault ship .................. 

Landing ship, dock. ............. 
Landing ship, tank .............. 

Auxiliary Ships:3 

Destroyer tender ............... 

Degaussing ship ............... 
Degaussing ship ............... 
Ammunition ship ............... 

Stores ship. .................. 

Combat store ship. .............. 
Miscellaneous ................. 

Miscellaneous ................. 
Miscellaneous .................. 
Miscellaneous .................. 
Miscellaneous ................. 
Icebreaker. ................... 

Escort research ship. ............ 
Major communications relay ship ..... 
Radar picket ship (EC 2 conversion). .. 

Surveying ship. . : .............. 
Surveying ship. ................. 

Surveying ship. ................ 
Surveying ship. ................ 
Surveying ship. ................ 
Surveying ship. ................ 

Auxiliary submarine (except prototype 

AGSS 569) .................. 
Auxiliary submarine ............. 

Symbol 

and 
class 

f AC-3-phase T DC 

Volts Amps KW Volts Amps KW 

CVA 41 450 1600 1000 . . . . . . . 
CVA 59 450 3200 2000 . . . . . . . 
CVA 63 450 6400 4000 . . . . . . . 
CVA(N) 65 450 9600 6000 . . . . . . . 
cvs 10 450 1600 1000 . . . . . . . 

ACC 1’7 

APD 
APSS 313 
LPD 1 
LPH 2 

LSD 28 
LST 1156 

. . . 
450 

. . . . . . . . 

400 250 
. , . . . . . . . . . 

450 1600 1000 

450 1600 1000 

450 800 500 

450 400 250 

120,‘24( 2500 600 
. . . . . . . . . . 

2506 660 165 
. . . . . . . . . . 
. . . . . . . . . . 
. . . . . . . . . . 
. . . . . . . . . . 

AD 23 
ADG 8 

ADG 383 
AE 21 

AF 55 
AFS 1 

AG 153 

AG 154 
AG 159 
AG 164 
AG 398 
AGB 3 

AGDE 1 

AGMR 
AGR 1 

AGS 15 
AGS 18 

AGS 21 
AGS-24 
AGS 25 
AGS 30 

450 1600 1000 

450 200 125 

450 400 250 
450 1600 1000 

450 800 500 

450 1000 625 

450 480 300 

450 480 300 

450 600 375 
450 800 500 
450 200 125 
450 360 225 

450 1200 750 
450 1200 750 
450 225 140 

450 400 250 
450 160 100 
. . . 
. . . 

450 
450 

. . . . 

. . . . 

250 

187 

. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

I20/24( 1500 360 
. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

120/24( 210 50 
. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

I20/24( 400 96 
. . . . . . . . . . 

120/24( 600 144 
120/24( 200 48 

. . . . . . . ..* 

. . . . . . . . . . 

AGSS . . . 
AGSS 569 . . . 

. . . . 

. . . . 

400 

300 

. . . . 

. . . . 
. . . . 2506 660 165 
* . . . 500’ 330 165 

Ship’s service (hotel)1 
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TABLE 2-29 (2 of 4) 
ShipServices-Electrical 

Vessels Ship’s service (hotel)l 

Symbol 
and 

class 

t AC-3-phase 1 DC 

Type 
Volts Amps KW Vol t.¶ Amps KW 

Auxiliary Ships:3 (Continued) 
Hospital ship. .................. 
Cargo ship ................... 
Attack cargo ship. .............. 
Light cargo ship. ............... 
Stores issue ship ............... 
Stores issue ship ............... 
Net laying ship ................ 
Oiler ....................... 
Fast combat support ship. ......... 
Gasoline tanker. ............... 
Submarine oiler. ................ 
Attack transport. ............... 
Repair ship. .................. 
Cable repair or laying ship. ........ 
I.C. engine repair ship/landing craft 

repair ship (prior to 1947). ........ 
Salvage ship .................. 
Salvage lifting ship. ............. 
Submarine tender ............... 

Auxiliary ocean tug. ............. 
Fleet ocean tug. ............... 
Seaplane tender. ............... 
Advance aviation base ship ........ 
Advance aviation base ship ........ 
Guided missile ship ............. 
Small seaplane tender. ........... 
Aviation supply ships ............ 
Unclassified miscellaneous ........ 

Command Ships:3 
Command ship ................. 

Cruisers:2 
Heavy ...................... 
Heavy ....... . .............. 
Heavy ...................... 
Heavy, guided missile. ........... 
Guided missile ................ 
Guided missile, nuclear. .......... 

AH 12 450 800 500 120/24( 1250 300 
AK 259 . . . . . . . t... 240 1250 300 
AKA 112 450 720 450 . . . . . . . . . . 
AKL 1 . . . . ..* . . . . 120/24f 400 96 
AKS 1 . . . . . . . . . . . 120/24( 1200 288 
AKS 32 . . . . . . . . . . . 120/24( 600 144 
AN . . . . . . . . . . . 120 500 60 
A0 22 230 1250 400 . . . . . . . . . . 
AOE 450 1200 750 . . . . . . . . . . 
AOG 7 . . . . . . . . . . . 240 800 184 
AOSS . . . . . . . . . . . 240 660 165 
APA 248 450 1600 1000 . . . . . . . . . . 

AR 5 450 1200 750 120 100 12 
ARC 3 450 440 275 I20/24( 625 150 

ARG/ARL 
ARS 6 

ARSD 3 

AS 19 
ATA 

ATF 

AV 
AVB 1 
AVB 2 

AVM 
AVP 
AVS 

IX 67 

800 500 . . . . . ..- 1.. 
. . . . . . . . I20/24( 420 100 

160 100 I20/24( 83 20 
1600 1000 . . . ,... . . . 

. . . . . . . . 120 400 96 

. . . . . . . . 120/24( 200 48 

800 500 . . . . . . . . . . 
. . . . . . . . 120/24( 400 100 

400 250 . . . . . . . . . . 

809 500 . . . . . . . . . . 

300 187 . . . I... . . . 

. . . . . . . . ,20/246 1200 288 

409 250 IZO/Zsr: 400 90 

cc 

450 
. . . 

450 

450 
. . . 

. . . 

450 
. . . 

450 

450 
450 
. . . 

450 

450 

450 

450 

450 
450 
450 

450 

2400 

CA 68 
CA 122 

GA 139 
CAG 2 
cc 10 

cGN9 

2400 
1200 

1600 
2400 
2400 

&wo 

1500 

1500 

750 
loo0 

1500 
1500 
2000 

. . . 

. . . 

..* 

. . . 

. . . 

..: 

. . . 

. . . . 

I... 
I... 

,.., 
,... 
I... 

, . . . 
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TABLE 2-21 
EheqyTarget, Ship at Dockside 

Pier No. 1 Ship DIG(N) 

Special Loads 

Nuclear Master Cooldown 

2 main coolant pumps 5 hrs at 225 kw each 

2 main coolant pimps 8 hrs at 35 kw each 
(low speed) 

2 FW cooling pumps 20 hrs at 5 kw each 

2 condensate pumps 13 hrs at 5 kw each 

Controls & auxiliaries 13 hrs at 20 kw 

Cold Plant Operation 

2 main coolant pumps 45 hrs at 35 kw each 

Air Compressor 10 hrs at 20 kw 

Battery Charge 

1680 amp-hr at 44Ov (line voltage 

Welding, Arc 2 hrs (est) at 30 kw 

TOTAL 

Hotel Services 

From Table 2-20 (3 of 4) 2000 kw max. 

% crew on board 33-l/3 

667 kw 

Hrs shore corm. 45 

TOTALTARGET 

kw-hr 

2250 

560 

200 

130 

260 

3150 

200 

739 

60 

7549 

30015 

37564 lrw-hr 

-- 
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3.1 GE3mw.J. Potablewatertargetsareestimatesof thequantityof~&rx 
a Naval shore activity slxxild'be using and of what the unit cost of sup- 
plying thewater shouldbe. tieyaredevelopedbytheEFDandmaintained 
by theactivity undo the assumption thatallpractical conservation 
measures areineffect. Targets IMY be established for quarterly, yearly 
or longer periods depending on the size and mission of the activity. If 
an activity is -11 or able to provide water at a very low cost, longer 
targetperiodsandmore simple lxrgetcalculati~ are justifiable since 
savings due to target analysis are likely to be ~~11. The same is true 
of installations which supply large quantities of water at high unit cost 
toindustrial~~uses~ichmaynotbepredictablebutareessential 
to the mission of the activity. An example of this would be an activity 
tiich uses umds of 85 percent of its v&er supply for the repair and 
provisioglingof ships. Atwoyeartargetbasedonnomxethanpastand 
projected consunptionwouldlikely suffice. Yeta large installationwhich 
uses 85 percent of a water supply maintained at a high unit cost for the 
supportofpersonnel,or~waterisinshortfllPPly,ShOUldcalculate 
a detailed target for at least each quarter of the fiscal year. Most water 
usesare listedinNAVEX~5,CivilR&neering. Specialusesmaybe 
added where required by conditions at the activity. 

3.2 cIASSIFIcArIcN~USRs. Inordertoestablishandcaq+retargets 
within and amDng Naval activities, water uses are grouped under several 
classifications: danestic, industrial, andmaintenance. Waterwhichis 
transferredto scmereimbursableuseandwater systsmlossesare alsocon- 
sidered as separate "uses." 

3.2.1 Domestic Uses. 
(1) IkmesticWater Allowance: 

eachclass~ 
axes listed in Table 3-4 should be 
vised allowances. 

(2) Full-timeFo~ation:lhe 

The average daily water usage for 
in gallons per person par day. Allow- 
used unless meas urements justify re- 

average nunber of military personnel, . . _ . civilian personnel, anddependents living duriq the periodatthe Naval 
activity. 

(3) Part-timepopulation: Theaveragen~rofassignedmilitaryand 
civilian personnel present for one shift per day during the period at the 
kavaI activity. 

(4) Hospital Red papulation: The average nunber of bed patients re- 
siding during the period in a Naval hospital. 

-(5) Transient popllation: The a&age number of military and civilian 
persannelwhoregister asvisitorsduring eachdayof the periodatthe 
Naval activity. 
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3.2.2 Industrial Uses (Table 3-6). 
(1) Air-Conditioning Allmance: The average water usage of air-cm- 

ditioning units rated at 5 tons cooling capacity or greater and is ex- 
pressed in gallons per day. 

(2) Boiler Ftiter Allmance: The average daily water usage by each 
industrial boiler formakeupand filterbackwashing. Allowances shouldbe 
de-ed for eachactivitybytheEFD. 

(3) ~~eryQol~Allawances:Theaveragehourly~terusage for 
eachtypeofrnachineryexFnressedingallansperhowofo~eration. Qpical 
itmsareair canpressorsanddieselengines. Allowance forrecirculatim 
type airampressorsis threegallons per horse-pmerhmr. Other all* 
antes should be determined for each activity by the EFD. 

(4) Swiming Fool Allowance: The average daily watex usage for days 
duringwhichpoolis inoperation. Included arepoolsprimrily intended 
for training. Allowarces for indoor pals are 0.03 gallons per gallon 
capcity for recirculating type and 0.10 gallons per gallon for fill and 
drawtype. 

3.2.3 Maintmance Uses. 
(1) LasmSprinklingand IrrigationAllowance:TheaveragemntliLy 

water usage based on teqzerature, sunlight, rainfall, and soil. It is ex- 
pressed ingallons per acre permonth. If appreciable quantities of water 
are used for irrigation ,allommes shouldbecalculated inaccordance 
withTable 3-7 asexplained inNAVFX I3Es5. 

(2) Equipnent~~All~:Theaverage~n~y~terus~e 
basedon+EF ,equl~tslze equemyofwashirq. It is expressed 
in gallons per equipment item per mnth. Mmthly all owancesforgoErn- 
mentandprivate cars, trucks, and buses are 50, 100 and 250, respectively. 
Other allowances suchas for autmatic carwashing facility shmildbe de- 
texmned by experience for each activity. If private car washing facili- 
tiesareprovided,determinethenunberof privatecarsownedbyfullpop 
ulation and adjust the allowance as necessary. 

(3) StreetFlushirqAllowarze:Theaveragemnthlywaterusage for 
cleaning paved streetsandparkmg lots. The suggested allmance is me 
gallonper squareyardpermnth. Ifactual flushingisreducedbecause 
of rainor snc~,theallowaxeforthemnthshouldbereduced. 

(4) Fire Hydrant Flushing Allowaxe: Ihe average water discharge, 
both fortestinghydrantpressure and for cleariqdisW.butionlines of 
stagnant water, expressed as 750 gallons per hydrant minute. The nmber 
of hydrants flushedperpericdand the time toobMnclearflowshouldbe 
deteminedbyexperience for each activity. 

(5) Fire Fightirq All-e: The total quantity of water reported 
for the period. 

3.2.4 Wmbmsable Uses. When large quantities of @able water are de- 
liveredtiothmactiv~ties, thewater shouldom%.narilybem&e.redand 
its oost reimbursable. These activitiesmay in&x% Officers' &ss,Navy 
EWhange,ships,housing,andanmissary. If theseconditicnsarenot 
satisfied and the use rsmains under amtml of the activity, it may be in- 
sertedas a special useunder Industrial Uses. 

3*2*5 - wtlon Allowance: 'I% average daily usage for back- 
filters orotherlosseschargeable tothepraluction system. Allowances 
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/-- for filters are 2 percent of the water filtered. Cther allcrwames should 
bedeterminedbyeachactivity. 

(2) Distribution All owance: The average daily leakage at pipe joints 
and valves expressed in gallons per inch-mile of diameter and lerqth per 
hY* Allowances are 50 gallons/inchinile/day for rubber gasketed joints 
and 80 gallons/inch-mile/day for lead-caulked bell and spigot joints. 

(3) Freeze-up Protection: The average daily leakage at pips valves 
~entheyareunseatedorbypassed~Ipeventfreeze-up. Allowances should 
bedeterminedforeachactivitybytheEFDandshouldonlyapply for the 
nuker of days of subfreezing temperatures. 

3.3 QUANTITYTAFGEXS. 

- 

3.3.1 FYocedure. Initialmteredor estimatedquantitiesareusually 
basedonacalendarmnth. specialfoms for collecting thisdata should 
be prepared by each activity. If feasible,arrarqments shouldbemade 
with the supplierofanypxchased~ter to takemeter readingsonor near 
the last day of the mnth. If suchamx.r~~enentsare not feasible, itmay 
be preferable foractivitypersonneltotzke additionalend-of-the7mnth 
readings. Ifwatermtersaremt~ovidedfor saneuses,considerapm- 
cedurefornu3asuringsuch~terquantiti~dur~periodicinspection. 

'h&al quantities for each use classification should be recorded at in- 
tervals caqatiblewiththeleqthof the,targetperiod,theme~ingpro- 
cedures of anypmcuringagency,andthe mportmceof theuseswhichmake 
up the target. Formim.rormne~eduses,totalquantities forthetar- 
getintervalmybecalculated frandailyorhourlyallomxxes (assmiq 
91 days or 2184 hours for a quarter). Interutil.itytransfersof@able 
water are not listed in a separate use classification but should be listed 
under Industrial Uses. Dmineralizedwatertransferredtr,ships shouldbe 
listedas a separateutilitybuttheoriginal @ablemter skuldbe 
treatedlikeother interutilitytransfersofpAablewater. 

3.3.2 Sample Calculations. Thebreakdowhoftimedurationsandallowances 
is made on a form like that in Table 3-l. Mxt entries are either okious 
or are explained in Classification of Uses. Sinceextremeaaxracyisnot 
necessarymanytotalusequantitiesnrayberoundedofftothe~~t 
thousand gallons or to the fourth significant figure. 

Specia1Usesunde.r IndustrialUses includethoseurxmmn usesrelated 
to the activity's mission which require further explanation. Bcamples in- 
cludewashingaircraftataNavalair station, fillingadivingtesttank, 
or largefactozyoperations. SpecialUsesumkrPhintenanceUsesir~lude 
any significantamsmptiveuses,whicharemtalreadydescribedorwhich 
shouldbe separately identified. SpecialUsesunder ReimbursableUses in- 
cludelargecon~iveuses,which~~dbeseparatedfrantheseveral 
general categories already listed. Exaqles include recreational swiming 
pools,golfcourses, ti familyresidentialdevelopnents. Ashas been al- 
ready noted, targets for FkimbmxableUses slmuldbebasedonmeteredor 
estimatedrlsageand~ondll~esnotunderthecontrolof the land- 
lord activity. The various tmants of the Naval activity may calculate 
andcontroltheirownallcrwancesbyreferringtoaboveall~~ for 
swimningpwls,lawhsprinkling,andpersonnel. 

3.3.3 Analysis of Results. Cuqzarison of quantity targets with actual 
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quantities of potablewaterproducedorpurchased in the samperiod skmuld 
indicate the efficiency of utilization. When the variance warrants, a 
systenatic investigation shouldbe conductedtodetexninethecauses in 
accordance with BUIXXKSINSC 11,300.11. Ekamples of causes of excessive 
use or loss are as follows: 

(1) Losses may triple when operating pressure exceeds 120 p.s.i.. A 
definite relation between service pressure ard distribution main losses 
exists (see Figure 3-l). At normal pressures (in the order of 50 to 80 
p.s.i.) losses range fmn 70 to 250 gallons per inch-mile per day, de- 
per-ding on pipe size, type of joints, etc. 

(2) If water furnished to tenants is not mtered, revaluation of the 
consu@ionmaybenecessary, especially if the functionofthetenanthas 
changedorthenmberofpersmshas substantiallyvaried. 

(3) spat measure non-tower type air-conditioning and refrigeration 
use. If mch higher than the reammend& all mame of 180 gallons per 
tin-hour, the conditionof theequilmmtshouldbe checked. 

(4) If excessive distribution min leakage is smpected, a leak sux- 
veyshouldbe plannedandconductedwiththeaidof them. Although 
costly, thenetsavingsmayrmre thanoffsetthe initial cost. 

(5) Unusualweathercorditions or equipnentfailure shouldbeeval- 
uated. Considerablewatermaybe usedorlostbefore repairs are cmplete. 

Fkimbursableusers shouldreviewtargetdata fortheiruses. If in- 
centives to consenre potablewaterarenot inherentintheestablished 
metklof charging users, they shouldbe initiatedbothbytheactivity 
responsible for supplying the water and by the user. 

3.4UNITcosT TAFGETS. 

3.4.1 E?mcedure. mit cost *gets shall be developed for the cost of 
utility pnodxzed and the cost of utility delivered, based upon the actual 
quantities lxmkmad and delivered. Pbtable water unit cost targets are 
defined as the average cost per 1000 gallons when operating efficiency, 
SchedulingandIMintenancearehandledsoastoproducetherequired 
quantity at the lowest possible cost. Annualoperationandmintenance 
costsarebasedonquantities franthe WCAEXof theprior fiscalyearand 
oncosts taken fmntypical curves ofhistoricaldata. F&kningproduc- 
tion anddistributioncostsare taken franthemfor thecurrentquarter. 

Activities producing all or sane of theirwaterrquirmtshould 
followa ccmmnpmcedure tocalculateunitoosttargets. Annual opera- 
tion and maintenance costs are split into qua3kerly pmdwctim and dis- 
tributian oosts. After allqarterlyproduction,distribution and indi- 
rect costs are tabulated, the cost targets for produced and delivered 
wat~arecalculated. Activities purchasing allor saneof theirwater 
rquirmentshould followa commnlxocedure to calculateunitcosttar- 
gets. If tha activity must increase water pressure, the additional punp- 
ing operation and mintenaxe costs are calculated separately based on 
electricalenergyreguired. After all quarterly distributim and indirect 
costs are tabulated, the cost target for delivered water is calculated. 

3.4.2 Smple Calculations. Qmntitiesand costs for prodwedandpur- 
chased water should be entered in Tables 3-2 and 3-3, respectively. Care 
xmstbeexercisedtobasequantitiesonthecmrectunitsandtim inter- 
vals . IfwaterisbothFrroducedandplrchasedtheapFnoximate costs should 
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J3e divide3 betIk?een sumnary sheets. Itfmnurfiberl-c,lengthofmains,on 
each smmryshouldbe the same for all four quarters in the fiscal year. 
Unless a detailed tabulatim of quarterly maint enance costs has been pre- 
pared, quarterly maintenance ccsts should be one fourth of annual main- 
tenance costs. 

3.4.3 AnalysisG;$st$ts. Gmparison of unit ccst targets f? produced 
and purchased thactual costs should indicate the efflciencyof 
utilization. Efforts to explainandreducelargevariances shoulderrq?ha- 
size large unexpected expenditures and influence of quantity targets on 
unit cost targets. Activities which can both produce and purchase potable 
water should periodically cmqare their unit costs. Theunitcostofpro- 
duced water may be much larger if only -11 quantities are prodded in a 
quart=* Thus continuoususeofbothp~~edandpurchasedwater~d 
be justifiable only on a basis other than cost, such as limited capacity 
or reliability of backup supply. Additionalcalculationsmaybe necessary 
tobase thispmd~~e-vs-purchasecmparisononthe samedeliveredquanti- 
ties and to se-ate unique and ocmmn items of cost. 
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TABLE 3-1 (1 of 4) 
Sample Potable Water Qmntity Target Sunnary 

(Useadditional sheetswherenecessaryandcode toapplicablequestion) 

Activity Targets gY Data 

L. -tic uses 

Mmth Popllationl 

a. Full Time 

b.PartTime 

c. Hospital Red Patients 

: 
: 

d. Transients 
: 
: 
. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Allowance 
fran l%le 3-4 Days 

X 

X‘ 

X- 

X 

X 

X- 

.I 

X 
X 

X 

X- 

X- 

mtal Dzrmestic uses 

Gallons 

- 
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TAmEi 3-l (2 of 4) 
Sample Fotable Water Qmntity Target flnruary 

2. Industrial uses 
-1 GallOn 

a. Air-conditiming,minimun5 tons. 

b. 

tons x hoursX gals/ton-hu.k 
tons x halrsx gals/ton-hour 
tOMiX lmursx gals/ton-hour 

Ship Consumption (Only if not reimbursable) 

days of delivery x 
daysofdeliveryx 

C. BoilerFeedwater (Industrialpmcess) 

days of operation x M-S/~Y 
daysofoperationx gals/aaY 

d. Machinery~ling (Identify types) 

hoursofoperationx 
hoursof~ationx 
hours of operation x 

ws/haur 
@s/haur 
gals/hour 

I . e. t3wmmmq Pools (primarily for training, or mt 
rehkursable) 

f. 

days of operation x 

Special (Explain) 

Sal capacity x Sal/gal 

days of operation x 
hoursofoperatimx 

lbtal Irxlustrial uses 
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TABLFI 3-1 (3 of 4) 
Sample Potable Water Qmntity Target Sumnary 

- 

3. MaintenarceUses 

a. 

b. 

C. 

d. 

e. 

f. 

Lawn Sprinkling & Irrigation (Table 3-7) 

Ames x AF/A x 326,000 gal/AF 

~ipe.ntWashiq 

Gov't cars: W&l&X gal/rmnthx 3rmkhs 
Private 

TSZi 
washed x gals/rrmthx 
washed x 

31mnths 
3mnths gals/kmthx 

Buses : washedx gals/km-khx 3mnths 

Street Flushing 

sq yds x gals /sq Ya by bse) 
fulltanksx gals/tank (by street sweeper) 

FireHyd.mntF1ushi.q 

hydmntsx TlitlX gals&d - min 

Fire Fighting 

Sum of quantities reported in NAVFAC Form 1163 

Special (Ekplain) 

days of operation x 
days of operation x 

gals/day 
gals/day 

Thousand 
Gallons 

Tatal IGnt enance Uses 

NewWate~Cmsum&QmntityTarget 
(i.e. Total of all above uses.) 
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TABLJ.3 3-l (4 of 4) 
!3ample Potable Water Qmntity Target Ekmnary 

4. RGmbursableUses Meteredor Estimated Thousand 
GallCXlE 

. 
it. 

Officer's Mess 
Navy Exchange 

c. ships 
d. r-k3using 
e. CaroniSSary 

f. special(Explain) 

YJMal ReimtursableUses , 

Net Water DeliveredQuantity Target 
(i.e. Total of all above uses) 

5. ljosses 

a. Production (i.e. Quantities Used in Production) 

x gallons .02 filter rate in gal/gal 

F&f: NAI7CClWT Form 2126/2127 for pr&iuction 

b. Distribution 

days inch-miles 
says 

yals /inch+nile/day 
inchiniles - - gals /inch-mile/day 

c. Freeze-upPrevention 
days x ValVesX~alS /valve/day 

Tbtal Imses 

e. NetVMerPr~ucedandPw&ased Quantity Target. 
(i.e. Total of all abve Uses and Losses) 

EnterinUXR,Line7 

f. 2ktualWate.r ProducedandPurchased@antity 
(UCAR, Line 6) 

9* Ratio of Actual toTarget Water Quantity 

h. Varianceof ActualfranTarget Quantity 
[i.e. 100 (Itm 5g-1.01 
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TABLE 3-2 (1 of 2) 
SampleProdmedPotableWaterUnitCostsmmry 

(Use additional sheets bhere necessary and code to applicable questicn.) 

&ztivity Targets by Date 

1. Quantities fmnCurrentI]CAR, Quarterofrn . 

a.Netplantprcduction (UZAR,Line 3), tiusandgal 
b. Net quantities delivered (UCAR, Line ll), thmsand gal 
c. Inventory of distribution systan (linear ft) 

2.NetPlantProdmtionfrcxnPriorUCAR,FY19 . 

a. 1st quarterly quantity (CCAR, Line 3), thousaml gal 
b. Annual quantity (UCAR, Line 3), thomz& gal 
c. Ratio of quarterly to annual quantity (Itm 2a+Itm 2b) 

3. Estimited Annual Operation & I%intenance Costs 

a. Operatim cost fmn Figure 3-2 at Itan 2b 
b. Percent of operation cost for production (Table 3-8A) 
c. mint emme cost fran Figure 3-3 at Item lc 
d.Pe.mentofmaintenance cost for pmductim (TBble 3-8B) 

4. Delivered aOsts for Current Quarter 

a. Operation cost (Item 2c x Iten 3a) 
b. Mintename Cost (l/4 x Itm 3c) 
c.Electricitytransfer (UCM, I&e 27) 
d. Potablewatertransfer &CAR, Line 28) 
e.Pipportion&gen. plantexp., pral. (UCAR,Lim 24) 
f. Gen. expense applied (NIF), Ip^od. (VICAR, Line 25) 
g. Apportimedgen. plant-. (NIF),dist. (SCAR, Line42) 
h. Gen. expenseapplied,dist. (ucAR,Line 43) 
i. mtalcost (Sumofabove 8 itms) 

j. Unit cost target delivered (I&m 4i+ Itgn lb), 
$/thosandgal. EnterItan4j inUCAR,Iine 47. 

k. Actual unit cost (UCAR Line 461, $/thoM 
1. FM50 of actual to target cost 
m. Variance of actual fran target cost (100 x (Item 41 - 

1.0) 1 

5. PtmductimCosts for Current Quarter, Quarter of FY 19 

a. Apportioned aperatim cost (Itm 3b x Iten 4a) 
b.Appartioned~intenance~~(Itan3dxIten4b) 
c. Electricity transfer (UC?B, Line 27) 
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tl24BLE 3-2 (2 of 2) 
Sample ProduxdPutab1eWate.r Unit Cost Summy 

5. Productionoosts forCurrent(&art~, Quarter of EY 19 
(mtinued) 

d. Patable water transfer (UCAR, Line 28) 
e.Appor. gen. plantexp., prcd. (UCAFbLine24) 
f. Gen. expense applied, prod. (UCAF& Line 25) 
g.Totalcost(Sumofabove6itms) 
h. Unit cost target produced (Item 5g + Item la), 

$/thousanngal Enter Itm5h inucAR,~ine 49. 
i. Actual unit cost (UCZR, Line 48), $/thamand gal. 
j. Ratio of actual to target cost 
k. Variarce of actual fran target cost (100 x (I&m 5j - 

1.0) 1 4 
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?aBLE 3-3 (1 of 2) 
Sample Purchased Potable Water Unit Cost Summry 

(Useadditionalsheetswherenecessaryard cede toapplicablequestion.) 

tiivity 

_. Quantities frun Current WAR, Quarter of FY 19 . 

a. Purchased quantity @CAR, Lines 4 and 5), thomand gal 
b. Net quantities delivered (UCAR, Line ll), thousard gal 
c. Inventory of distribution system (linear ft) 

!.Pumhased@antities franPriorUCAR,FY19 . 

quarterly quantity (UCAR, Line 4), thousand gal 
t: Annual quantity (EAR, Lines 4 and 5) I - gal 
c. Patio of quarterly to annual guantity 

1. Punping Costs fmn Prior UCAR, FY 19 . 

a. Electricity transfer (UCAR, Line 27) 
b. Total pmduction & purchase (WAR, Line 35) 
c. Ratio of electricity to total cost (Iten 3a + Item 3b) 
d. Prcduction cost percentage fran Figure 3-4 at Item. 3c 
e. Prcduction operaticm cost fm Figure 3-5 at Item 2b 
f. ProductionmaintenancecostfmnFigure 3-6 at Itenlc 

I. Estimated Annual Operation and ~intenance Costs. 

a. Pumping operation cost (Item 3d x Itan 3e) 
b. Distrilxltion operation cost fran Figure 3-7 at Iten 2b. 
c. Total operation cost (Item 4a + Iten 4b) 
d. Puqirg maintenance cost (Item Xl x Itan 3f) 
e. Distribution maintenance mst fran Figure 3-8 at Itm 1C 
f. !Ibtal maintenance cost (Item 4d + Itan 4e) 

i. Delivered Costs for Current Quarter, Quarter of Fy19 . 

a. Operation cost (Item 2c x Iten 4c) 
b. .Maintename cost (l/4 x Item 4f) 
c. Purchased wker (UCAR, Lines 33 and 34) 
d. Electricity transfer (UCAR, Line 27) 
e. Potablemter transfer (US&Line 28) 
f.Appor.gen. plantexp.,m. (UCAR, Line 24) 
g. Gen. expenseapplied, prod. (UCAR, Line 25) 
h. Appor. Gen. Plant exp., dist. (UCAR, Line 42) 
i. Gen. expense applied, dist. WAR, Line 43) 
j.TMalcost(Sumofabove9itms) 
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TABLE 3-3 (2 of 2) 
SamplePurchas&iPotableWaterUnitQstSummry 

k. Unit cost target delivered (Item 5j + Iten lb), 
$/thousand gal. Enter Item 4k in-, Line 47. 

1. Actual unit cost delivered @CAR, Line 46) $/tbusand gal 
m. Estio of actual to target cost 
n. Variance of actual fran target cost (100 x (Item Sm-1.0)) 
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TABLE 3-4 
hb-ithlybMer Allowances forEW.lti.mePapulation 

Month 

January 

t- 

February 

March 

April 

May 

June 

NOTES: 

1. 

2. 

3. 

4. 

Gallons/person/day Month Gallons/person/day 

50 July so 

50 August so 

55 September 70 

60 October 60 

70 November 55 

80 December 50 

The above allowances are based on an average annual usage of 65 gallons per person 
per day for the north temperate zone. For the south temperate zone the allowances 
for January through June should be interchanged with the allowances for July through 
December, respectively. For frigid zones the allowances should be reduced and for 
the torrid zone the allowances should be increased in accordance with recommendations 
of the Engineering Field Division. 

Allowance for part time population is equal to allowance for full time population multi- 
plied by l/4. 

Allowance for hospital bed patients is 100 gallons per day. 

Allowance for Transients is 16 gallons per day. 
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Water (fresh) 
Vessels F Quantity 

Type ’ Class g.p.d. p.s.i. 

Amphibious: 
Force flagship .............................. 
Transport, dock. ............................. 
Assault ship ............................... 
Landing ship, dock. ........................... 
Landing ship, tank. ........................... 

AGC 17 25,000 90 
LPD 1 13,900 GO 
LPI1 2 16,000 75 
LSD 28 8,000 60 
LST 156 6,000 60 

Auxiliaries: 
Destroyer tender ............................. 
Ammunition ship ............................. 
Stores ship ................................ 
Ice breaker ................................. 
Cargo ship. ................................ 
Attack, cargo ship ............................. 
Oiler .................................... 
Gasoline tanker. ............................. 
Attack transport. ............................. 
Repair ship ................................ 
Cable repair or laying ship. ...................... 
Salvage ship. ............................... 
Salvage lifting ship ........................... 
Submarine tender ............................. 
Sub rescue vessel ............................ 

AD 23 18,600 90 
AE 21 18,000 70 
AF 55 7,790 60 
AGB 3 900 40 
AK 259 6,000 60 
AKA 112 20,000 70 
A0 22 8,900 60 
AOG 7 3,600 60 
APA 248 30,000 70 
AR 5 32,000 50 
ARC 3 10,000 60 
APS 6 3,500 30 
APSD 3 2,000 60 
AS 19 18,000 60 
ASH 2,800 40 

Mine Warfare Ships: 
Minesweeper, fleet (steel hull). ................... 
Support ship, mine counter measures ................ 
Minehunter, coastal ........................... 
Minesweeper, coastal .......................... 
Minesweeper, coastal .......................... 

EMSF 373 1,300 40 
MCS 6 1,300 40 
MHC 43 1,300 40 
MSC 209 800 40 
MSC 289 1,200 .I0 

Cruisers: 
IIeavy, guided missile. ......................... 
Guided missile, nuclear. ........................ 
Tactical command ship ......................... 

CAG 2 40,000 40 
CGN 9 40,000 60 
CLC 1 40,000 40 

Carriers: 
Attack, nuclear .............................. 
Attack, guided missile ......................... 
Attack .................................... 
Support ship (ASW). ........................... 

CVAN 65 42,000 100 
CVA 63 42,000 100 
CVA 41 40,000 75 
cvs 10 37,000 65 

Destroyers: 
Destroyer leader, guided missile, frigate, nuclear. ....... 
Destroyer leader ............................. 
Destroyer ................................. 
Escort destroyer ............................. 

DLG(N) 25 13,000 70 
DL & DLG 12,000 60 
DD 931 & DDG 10,000 60 
DE 1006, etc. 5,000 50 
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TABLE 3-5 (2 of 2) 
water - Ship to Shore 

Vessels 
Water (fresh) 

Quantity 

Type Class g.p.d. p.s.i. 

submarines: 
Fleet type - prior to SS 563. ............................. 
SSR&SSKconversions&SSTl,2.3.. ...................... 
SSK1,2,3 ........................................ 
SS 563 class, SS 574. .................................. 
SS569 ............................................ 
SS 572, 573. ........................................ 
SS 576, 577, 580-582. .................................. 
SSN .............................................. 
SSB”’ ............................................ 
SSRN ............................................. 

2,400 15 
540 15 

2,400 15 
2,400 15 
2,400 15 
2,800 15 
2,500 15 
3,000 20 
3,000 40 
5,160 20 

Patrol ships: 
Submarine chaser. ............................ EPC-618 1,000 50 
Escort ship, rescue ........................... EPCER-849 2,500 50 

Vessels 
ADG, AGH, AGSS, APSS, ATA, ATF, 
ATS, 1X-21, 1X-87, IV-3 ................................ 

AN, DEG, DER, MSG, MSS, PC, 
PCE,PCH,PCS,PGM.. ............................... 

APD,DDE.DDR ..................................... 
AGDE, CA, CC, CG, CLG ............................... 
AVP ............................................. 
SSG(N) ........................................... 
AFS, AG (SS pre ‘47), AGMR, AGR, (AKV-CONV), 
AGS, AGSC, AH-12, AKL (pre ‘47), AKS (pre ‘47), 
AOE, AOR, ARG/AHL (pre ‘47), AV, AVB, AVh4, AVS ............ 

10,000 60 

10,000 60 
20,000 60 
40,000 60 
10,000 60 
10,000 60 

40,000 60 

4 
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TAB= 3-6 
IndustrialbWerUsage 

Air Conditioners 
Diesel Generators 
SteamGenerators 
AircCanpressors . . scnmrung mols 

Recirculating 

3.0 gal/ton-hr 
0.6 gal/brake hphr 

48.0 gal/k&x 
3.0 gal/h@r 
3.0 gal/100 gal volume 

Non-Conserving I 

180 gal/ton-hr 
20 galhake hp-hr 
-- 
-- 
10 gal/l00 gal volme 
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- TABLE 3-7 
Lawn f5prinkling Allmes 

Reference: Civil JZng*ing, mW?i% m-5, ChaPkr 13. 

Latitude : , K= , E: 

Column 
Number 1 2 3 4 5 6 7 

Allowance 
Mean Daylight Mean 
Temp Percent Allowance 

Month t (deg F) P 
f=t& U=fK Rainfall ? 

m r w (W (A F/A) 

Basic Formula 

(Blaney - Criddle equation) 

Where: 

U = Consumptive water use in inches. 

K = Evapotranspiration coefficient, . 70 for Grassland, .35 for Bermuda grass. 

E = Water application efficiency = .70 for average soil condftions = .60 for sandy soil 

NOTES: 1. Data for columns 1 and 5 are provided in monthly weather report, Local 
Climatological Data, available from U. S. Weather Bureau. 

2. Data for Column 2 are provided in Table 13-10 of NAVFAC DM-5 for month 
and latitude of activity. 

3. In case of excessive rainfall monthly allowance is zero. 

4. Divide allowance in Column 6 by 12 inches per foot to convert allowance to 
acre feet per acre for Column 7. 

5. Col. 7: A = acres irrigated, AF = acres-feet of water allowance 
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FULL TREATMENT 
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NOTE: Lf the production plant is automated, cost values should be reduced to from 
50 to 80 per cent, as dictated by the previous experience of the activity. 

FIGURE 3-2 
Annual Operation Cost Vs. Annual~Prduction 
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TABLIZ 3-8 
Division of Operation and Maintenance Costs 

TabIe A - INvision of Operation Costs 
Production Distribution 

Automated or non-automated . . . . . . . . . . . . . go-95% 5-10% 
System with customer meters. . . . . . . . . . . . . 60-70% 30-35% 

Table B - Division of Maintenance Cost 

Full Treatment ,Chlorine Only 

Approximate 
Linear ft 
of Iiains Production Distribution Production Distribution 

25,000 83% 17% 73% 27% 

50,000 80 20 70 30 

.oo,ooo 75 25 63 37 

.50,000 70 30 57 43 

!OO ) 000 67 33 55 45 

!50,000 65 35 53 47 

her 250,000 64 36 52 48 



NON-AUTOMATE 

FULLY AUTOMATtU 

IO 20 

PUMPING ELECTRICITY COST PERCENTAGE 

FIGURE 3-4 
~l~~i~cOstPerc~geVs.~irrgEl~icity 

CostPercentage 
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FIGUE 3-5 
Total production~atingcOstVs.Annualpurchases 
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THOUSANDS OF LINEAR FEET 

FIGURE 3-6 
lbtalFroductionMaintenance Cost Vs. Length of Distribution Mains 
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CHAPTER 4. TARGETSFoRsTEAM,HEATANDFUEL 

4.1 GENERAL. Steam, heat and fuel targets are estimates of the quantities 
of these utilities that a Naval shore activity should be using and of what 
the respective unit costs of theseutilities shouldbe. The targets are 
developed and maintained by the EF'D under the assumption that all practical 
conservation measures are in effect. Steam, heat and fuel constitute a 
large part of the utilities budget for most activities; the targets for 
these utilities should therefore be especially detailed and should be cal- 
culated at least twice a year. The steam and heat quantity includes the 
following elements: 

Ruilding heating. 
IXmestic use (primarily water heating). 
Process or industrial use. 
Interutility transfer (for example, steam generation of 
electricity. 
Steamused in production. 
Distribution losses, excluding avoidable loss and leakage. . Rembursable distribution. 
Special uses not coveredunder any of theabovecategories. 
Theseuseswillvaryaccordingto themissionof theactivity. 

4.2-m. Oneof theprimefactors indetezmin~ steam,heatand 
- fuel targets is theweather. Fbr thepurposeofheating, thismaybe ex- 

pressed by: winter design tmperature, which is, essentially, hm oold it 
gets in a given region, anddegreedays,which indicates thelengthofthe 
heating seascul. 

4.2.1Winter Design Bmperature. This is thetenperature, indegrees 
Fahrenheit, to tiich, or helm which, the outside temperature falls for 
2 l/2 percentof the targetperiod. These values are found in NAVFZC P-89, 
Engineering Weather Data Book; or if they are not available in P-89 for a 
given locale, theymaybe found inhandbmks of heating,ventilatingand 
air conditioning. 

This is an index of the amunt of heat or fuel required ik-lzgwty. Thenunberof degree-days perdayis thedifference 
~~degree~ybaseandthedaily~temperature,whenthisvalue 
is below the base. Degree-day base for buildings in tiich personnel are 
normlly mrking or living is defined as 65OF. These include offices, bar- 
racks, schools, etc. For buildings which must be heated, but where per- 
sonnel are not ordinarily working, or where such heating muld not be 
economically sound, 55OF. is taken as the degree-y base. These would 
include suchbuildings as large shops,warehouses,orunoccupiedbuildings 
whereheatingis absolutely necessary. 
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Degree-daydata shculdbebasedonactualday-to-dayreadirags. The 
dataforthetargetperiodcanbeobtainedfrantheactivity's~~ 
reco1&3,localwather records, localweatherbureau,orU.S. Weather 
Bureau. Uegree-dayrecords are alsomaintainedbylocal utilityand 
heating fuelczmpanies. 

the activity. Sa~~lesaredesertareas inCal.iforniaandtheFlor- 
ida coast in winte. Intheseareas thedayti~~hightenperatureoffsets 
the nighttime luw, causing the median to fall above 6S°F., yet heating is 
required at night. Inthesecasesthedegreeday sbuldbebasedonthe 
medianoftheooldestsixhours intheday. Qnequarterof theresulting 
degreedaysbuldkeused ineslxblishingthetarget. 

4.3 BUILDING~ING~. Each Ixilding heating target, in B.t.u.‘s 
perdegreeday, is the~oductofvoluneandheatirqallowwze, using all 
applicable correction factors. The totalactivityheating target is ob- 
tainedbyadding theallcrwanceforeachbuildiragandmultiplyingthe sun 
by the totalnwtberofdegreedays inthetargetperiod. Table 4-5isa 
form suggested for listing and targeting all buildings heated by the ac- 
tivity steam plant. Theheatingall~eperdegreeilavisestimatedby 
using such a chart in ccnjurzticn with Tables 4-8 and 4-10, and Figure 4-l. 
Table 4-8 shuws kt alluwances for buildings of various types, accord&q 
tcconstructicnandfunction. Thetablesbkeintoconsiderationoutside 
designteqerature, insidedesigntanperatureand~aesreeQybasis~ 
whichtheallcwanceisbased. l%eseallowancesassumsawin&wareaof 20 
to 50 percentofgross~11areaanA-typetuil~sand25 to 3O~cent 
cnB-typebuildings. Anallakkuhcefactorshouldbeestablishedfor 
buildirKlstJlrichdifferapprreciablyfromtheseconfigurati~* 

Theseallawancesarebasedonlyonthevoluneof~spacetobe 
heated. Hwever,otherfa&xstobeoonsideredare: 

4&3~n.lw~~% T2xa ratio of wall area to roof area is a factor to 
sfactorchanges considerablywithbuildingheight,as 

shown in Figure 4-l. 

city of 15 m.p.h. For~LEeswhichaverageconsi~~yaboveorbelclw 
15 m.p.h., l%le4-9~ybeusedtodetermineacorrectionfactcr. 

H= 0.24 (ti - t&w (d) r (4-l) 

4-2 



/-- 
where : H = heat required, B.t.u./hr., 

d = air density (normally 0.075 l.b./cu. ft.), 
N= nmberofairchangesperhour, 
V = volme (cu. ft.), 

ti = insidedesign teqerature,and 
b =outsidedesigntenperature. 

Assumingmxmal air density, this formula canbe si@ifiedto: 

H = (ti - to )W 
55 (4-2) 

AFrchangerequiranents(N)canbeobtainedfranstandardheatingand 
air conditioning har&mks. Sanetypicalchangerequiranents forbuild- 
ings in use are: 

1 to 1 l/2 charges/hr. for barracks, administration, resjderrces 
2to3forindustrialbuildings 
4 to 6 for mess halls, auditorims, churches 
6 for garages,generalprisonquarters 
2,100 - 4,500 c.f.h. for hospital wards 
2,000 c.f.h. per occupant for classrcms. 

4.4DOMESTICWIQERHEATlIGFEWIREMENTS. The allowanc for danestic water 
heating for areas served by the targeted utility is 10 & (one million) 
B.t.u./30day period per person for residents, and 2.5 X lo6 B.t.u./30-day 
period per person forhospitalbedpatients. Theresidenttitilis the sum 
of full time residents & the equivalent sum of part time residents. (A 
person working basically one shift per day is munted as l/4 of a person, 
unlessheis alsoaresident inanarea semedbytheutility.) Galley 
allowance of steam per meal my be averaged on the basis of the mess hall 
capacity, as follows: 

Capacity mess hall 

300 perscns 5,700 
500 persons 5,400 

1,000 persons 4,900 
2,000 persons 4,400 
3,000 persons 3,900 
5,300 persons 3,200 

~ Averagesteamrequired(Btu/bnjheal) 

4.5 DlSTFCB~IcrJIx)6s. Distribution loss is the amount of hmt normally 
radiat&bythedistributimsystm. Allcmnceshnildnotbemadeinthe 
bryet for avoidable loss or for loss within a targeted hilding. Those 
buildingsheatedbygasorelect.ricityshouldbe includedinthetargets 
foa: thoseutilities. Chsmin line B.t.u. losses slmuld be one-half of me 
percentarxltkheatingtargetcalculatim should includetheB.t.u.heat- 
ingval~ofthatloss; highrlosseswillomur inhigh-pressureand 
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ard larger, longer and/or older mains. Note: When gas line losses ex- 
ceed~percent,aleaksurvgrshouldbeperformed. 

%ble 4-6 is an example of a chart which n-ey be used to estimate steam 
distributim losses, using the factors given in Table 4-10 and Figure 4-2, 
where applicable. Total wind factor, Figure 4-2, for example, does not 
apply to portions of pipe runs which are ur-dergroundorotherwise protected. 
The heat loss, B.t.u./hr., for each pipe size is the product of the length 
(feet), heat loss alltile (B.t.u./hr./ft.), temperature factor and air 

velocity factor if applicable. The total distribution line loss is the 
sum of the losses for all pipe sizes (B.t.u.) multiplied by the nunber of 
hours in the target period. 

4.6 INDU- WAD. Industrial load includes allheatrequired for pro- 
duction, process ard air conditioning use, including that supplied to 
ships, laundries, garbage treamt facilities, etc. Meters should be in- 
stalled whenever it is practical, since this will identify the more effi- 
cientusers and indicateareaswhere savings canbeeffected. 

Table 4-lis awork sheetwhichcanbeusedto establishprccess and 
industrial steam and heat target allowances. Itshouldcontaindata such 
as actual metered quantities delivered, information derived fran rrenufac- 
turer's equipnentspecificationsandfrcmstandard steamturbinegenerator 
curves, one example of which is shown on Figure 2-5. The following my be 
used for estimating needs of various facilities: 

SteamCleaning: See steam cleaning use in Figure 4-4. 
Laundries: 800 B.t.u.'s per pound of laundry, or as shown 

in Table 4-25. 
Garbage treatment: 240 B.t.u.'s per pound lxr hour, at 

212'F. 
Ships inFort: Steam requirements are shown in Table 4-11. 
Hospital equipments: SteamrequirementsareSxrwnin 

Table 4-22. 

In determining a target allowance, actual temperatures for the target 
pericdandpercentageof ships'canplerclentactuallyberthedon the ships 
should be considered. 

4.7 REIMBURSAB~. Reimbursables are quantities of utilities delivered 
whicharenot included in the target as such, butwhichrmstbe incltied 
in the estimate of total production. These include interutilitytransfers 
and quantities delivered to other activities such as officers' mess, Navy 
exchange, ships, housingormssary. 

Interutility transfers may return sane portian of the steam delivered 
to than. Forexample,aturbo-generatirdischargingto theatmxphereis 
chargedwith the totalheatvaluedelivered. A straightoondensingunit 
which returns condensate into the cycle is charged only the difference in 
enthalpy W the delivered steam and the returned condensate. A back 
pressure or extraction unit which returns extracted steam to the original 
or a third utility is charged only for the difference in heat value between 
main am.3 extracted steam. 
to the ultimate user. 

This condensateandextracted steamarecharged 

Tables 4-2 and 4-4 mvide a mrk sheet format for determining the 
total quantity of steam, heat and fuel allowed for the *get period, and 
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4.8 P~DUXI~ALXWANCES. Allowances must be made for the almurltofheat 
used in producing the steam. The following percentages of boiler plant 
production may be used for the purpose of. estimation: 

Operation Quantity used 

Intennittentblow-down l/2% - 1% 
Soot-blowing -oil fired 1% 
Soot-blowing -coal fired 2% 
St- akmization l-l l/2% or 10% of fuel oil 
Fueloil heating l/2-3/4% or 0.07 lb steam/lb 

oil a-ox. 
Cmkmstionair heating 2 l/2% 
Radiation and unaccounted loss 1% 
Feedwater heatirq depends on cycle design 
Bankingandstart-up 1 - 2% 

I 
Steam atomization is required only m oil-fired units. Fuel oil heat- 

ingpercentageisbasedonNo. 6 oil; NavyspecialorNo. 2oilmayormay 
mtrequireheating. Heatingofcmbustionairisrquiredmlyonunits 
quippedwithpreheaters, andonlydur~periodswfienlawmnbienttanpera- 
tures require it. Banking and start-uppercentagesneedonlybetaken inti 
account when the unit is frequently shutdown, or banked for exknded 
periods. 

Percentage forfeedwaterheatingmybeamputedfranthe formula: 

% = F&x 1001, 

where F = B.t.u./lb. heat content of water 
(average tgnp. of mter minus 32OF.), 

C = B.t.u./lb. heat content of condensate 
(average temp. of wndensate in return-line 

minus 32OF.1, and 
S =heatcontentof steambasedonboiler pres- 

sure& temperature corditions. 

EnthalpyinB.t.u. perpotimybedetermined fromstamlardtexts - 
for exarqle, Keenan and Keyes, Table of TherxWlynamic Properties of Steam 
-*r fran Table 4-12. 

This fomulaappliestothose systems inwhichtheheatvalueof steam 
is canpletely utilized. Theseincludeopentypeheater (deae.rati)or 
closedtypeheaterwith~~drainsreturnedtothecycle. For closed 

1 lb.F - lb.C 
Amreprecise fda ish.S-Ib.F= a;% ~teem=+-~lOO. 
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heatex installations~~do~treturntheheaterdrainstothe feed- 
water cycle, the fomulamaybemxlifiedas follows: 

%= 

where D= heatcontentof 

The total.pwcentageof steam 

F-C mx 100 

heater drains in B.t.u./lb. 

requiredofproductionisthe smof all 
perc~~gesabovewhichapplytoaparticularsystan. Tbeamuntofsteam 
used is fourxlbymultiplyinggross plantoutputbythis percentageex- 
pressedas adecimal. ThegrossplantEproducrtiantarget,withxpercent 
of thegross out~trequired for-on, andanetplantprodwtion 
target, Tn, is: 

4.9 BOILER EZFICIENCY. The efficiency of a boiler or system is the ratio 
of the gmssheatout~tto thegross heat input. Gross heatoutqmtis 
entered~lineloftbeUCAR,andistheheat~n~ofthegrossplant 
out~tless theheatcontentof theboiler fe&iwater. Theheatinwtis 
~~~anline15oftheUQSR,andistheheatvalueofthetotalfuel 
OO-. The boiler efficiency target is based on optimun operating con- 
ditions. It is the manufacturer's design efficiency, mdified ti reflect 
theage andoperatingconditionof &boiler. 

The boiler efficiency target can be calculated by multiplying the 
actualboileroperatiq efficiencybythe taqetplantratio. The tmqet 
ratio is establishedbytheEnginee.r' mg Field Division errgineers in con- 
sultatianwiththeplarrttechnicaloperat~~ineers,consider~the 
plant's original design efficierq and its pesent condition. 

Boiler efficiency may be detemined through the use of a &u&ion 
analyzer: for example, the "Bailey Heat Rrover and Cunbustion Analyzer," 
Mxichmeasures the mount of untmnedamtxstibles in the flue gases. This 
datacanbecanparedwiththeamountoffuelusedtogiveanestimateof 
preventable fuel loss. Tables 4-13 through 4-16 shw exaqles of boiler 
data required to establishboilertargets. 

4.10 FUEL QUZNMTYTARGEI. The fuelvtitytaqetfor anyequipnentis 
the gross heat outlxt divided by the efficiency target at average loading 
conditionsduring the wet period. The ratio of fuel quantity target 
andthefuelactuallyus&isanothermethodofestimtingthetargetplant 
ratioarrdtoidentifyareas in&h significantcostreductimcanbe 
realized. Figure 4-3 gives heat values in B.t.u./unit of fuel and cumes 
forconvertinggallonsof fuel atvaryimgtenperaturesto standard gallons 
at 60°F. 

4.11 UNIT cC6T TAmZcs. Unit Cost Targets for steam, heat, and fuel shall 
be developed for the quantities produced or delivered. The cost targets 
are defined as the average cost per million B.t.u. of heat value which can 
beattainedtieroptimmmnditions. Theseomditionsofoperationare 
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difficulttoachieve,andtargetswhichassmethesecorxIitionswillterd 
to engender a cost*onscious attitide. Allfactirsofprcductionshould 
be amsidered factors of these targets: distribution( mintanaxe, over- 
head, andthe effectsof intem&ilitytransfers. Themaintmamefactcr 
shauldbebasedanthelong-terma~~ecostatsimilarinstallati~and 
~~dnotbebasedonanyunusua~yhighoostsdue tm special conditions. 
Unusual highcosts sbuldmtbe includedintargetdata;ratherthey 
shouldbereported intheucARtc pinpointhighactualcosts. 

Table4-3isa~~~ksheetwfrichoutlinesstepstobetakenin 
establishing a unit cost target. Asmanyitmsofproductionanddistrti- 
tioncostaspossible sbildbe includedinthisprocedure. Additional 
datacanbeobtainedfrantablesor curvesof histcricaldata. Tables 
4-17, 4-18, and 4-19 are tables fran which maintenance costs can be esti- 
mated for systems burning the three major fuels. The unit cost targetde- 
liveredis developed for the steamheatutilityserviceswhichare either 
prod~~edorpuxchased,orboth. Tables 4-20 and 4-21 shcrw average annual 
mintenancecosts for steamandgas distribution systernsandmybeused 
to develop the maintename beget. Quarterlydistributionmaintenance 
factcr andtargetaredmelopedasdescribed ina pevious paragraph. 
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TABIS 4-l 
!hmple FWcess and Id~~trialStean@ed/F'uelUsage Target Wxk Sheet 

BUILDING EQUIPME NT HEAT USE HATE ALLOWANCE TOTAL HEAT USED 
IN TARGET PERIOD 

. 
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TABm 4-2 
Sample Steam-Heat-Fuel Quantity Target !!kmmry 

ktivity Period Quarter, FY19 - By 

Date 

1. Building Heating (Tables 4-5, 4-7 a& 4-27, Iten A-2) 

“F Basis Allowance Btu/DD Degree Days TARGET - 10’ Btu 
in Period 

65 
55 

Building Target 

2. Domestic Water Heating (Table 4-27 sample, Iten A-3) 

Allowance/person/ No. of 30 Day 
Equivalent Residents 30 Day Periods 

Full Time 1.0 X lo6 Btu 
Part Time1 0.25 X 106 Btu 
Hospital 2.5 X lo6 Btu 

Domestic Target 

3. Distribution Loss (Table 4-27 saanple, Item A-4) 

4. Galley Allowance (Table 4-27 san@e, Item A-5) 

5. Reimbursables (Table 4-27 sarrcple, Iten A-6) 

6. Industrial (Table 4-27 sample, Itern A-7) 

7. lnterutility Transfer (Table 4-27 sample, Itan A-8) 

8. Total Heat System Produced and Purchased Quantity Target 
(Total of Items 1 thru 7) Enter in Line 7, UCAR 

9. Total Net Production and Purchase (From Line 6, UC AR) 

10. Variance 

% over target = 
Item g-Item 8 x 1oo = 

Item 8 
x100= % 

Item 8 - Item 9 
% under target = e 

Item 8 
x100= * x100= % 

IPart-time allowance = l/4 full-time allowance 
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TABW 4-3 
Sample Delivered St&eatUnitCostTargettSork Sheet 

PERIOD TARGETED 

I. Production Costs 

1. Targeted Cost of Production 
(From Item V of Table 4-4) 

$ 

II. 

III. 

Iv. 

V. 

VI. 

Interutility Transfer Costs 

2. Actual Interutility Transfer Cost to Other Utilities 
(This is to be subtracted From Other Costs) $ 

Purchased Costs 

3. Purchased Steam Costs, Intra-Navy (From Line 33, UCAR) $ 
4. Purchased Steam Costs, Other (From Line 34, WAR) $ 

Distribution Operations Cost 

5. Labor Costs (From Line 36, UCAR) 
6. Material Costs (From Iine 37, (UCAR) z 
7. Contractural and Other Costs (From I ine 38, UCAR) $ 

Distribution Overhead Costs 

8. Apportioned General Plant Expense (From Line 42, UCAR) 
9. General Expense Applied (NIF) (From Line 43, UCAR) i 

Distribution Target Maintenance Costs 

a. Inch-feet of Distribution Supply Main 
b. Yearly Target Maintenance cost/inch-foot 

(From ‘IWle 4-20) 
c. Target Period Subdivision Factor 

(Obtained from actual average maintenance costs for 3 
previous years, as follows: 

Av. Mamt. Costs for Same Period, 3 Past FY 
Av. Total Maint. Costs, 3 Past FY 

VII. 

10. Distribution Target Maintenance Cost (a x b x c) $ 

Unit Cost Target 

11. Total Delivered Cost Target (Sum of Items 1 - 2 + 3 thru 10) $ 
12. Actual Net Delivered Quantity (lo6 Btu) For Target Period. 

(From Line 11, UCAR) 
13. Unit Cost Target Delivered (Line 11 I 12)Enter Line 47, UCAR 

NOTE: Unless noted, costs are actual costs from NavCompt Form 2127. 
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!lYiBLE 4-4 
Produxd Steam/HeatUnitCostTarget~rkSheet 

PERIOD TARGETED 

I. Production Operation Cost 

1. Labor Costs - From Line 17, UCAR $ 
2. Fuel Costs - From Line 18, UCAR $ 
3. Ratio of Actual Plant Efficiency 

to Target Plant Efficiency 
4. Target Fuel Costs (2 x 3) 
5. Material Costs - From Line 19, UCAR : 
6. Contractual and Other Costs - From Line 20, UCAR $ 
7. Total Target Production Operation Cost 

(Sum of Items 1 + 4 + 5 + 6) $ 

II. Production Maintenance Costs 

8. Labor Cost - From Line 21, UCAR 
9. Material Cost - F&m Line 21, UCAR 

10. Contractual and Other Costs - From Line 23, UCAR $ 
11. Total Tarnet Production Maintenance Costs 

(Sum of I;ems 8 + 9 + 10) $ 

III. Production Overhead Costs 

12. Apportioned General Plant Expense - From Line 
24, UCAR $ 

13. General Expense Applied (NIF) - From Line 25,UCAR$ 
14. Total Production Overhead Costs 

(Sum of Items 12 + 13) $ 
(to) 

IV. Production Interutility Transfer Costs 

15. From Electricity to Plant, Targeted, From Line 27, - 
UCAR $ 

16. From Water s Plant, Targeted - From Line 28,UCAR$ 
17. From Other Utilities to Plant, Targeted $ 
18. Ratio of Actual PlantTfficiency to Target 

Plant Efficiency 
19. Target Production Interutility Transfer Costs 

(Sum of Items 15 + 16 + 17, times 181 

V. Total Plant Production Cost Target 
(Sum of Items 7 + 11 + 14 + 19) 

VI. Actual Net Plant Production Quantity for Target Period, From Line 
3, UCAR (106 Btu) 

411. Unit Cost Target Produced (Item V + Item VI) to Line 49, UCAR $ ($/lo6 Btu) 

NOTE: 1. The target plant efficiency should be established in conjunction with the plant 
technical operating engineers by increasing the actual measured efficiency figure in accordance 
with the plant age, design efficiency and individual operating conditions. This increase in 
efficiency will usually be in the area of 4% to 6%. Actual plant efficiency for the period 
can be obtained by procedures in Exhibit 4-19. 

2. tJnlessrroted,oosts axeactual costs franNaWanptFWm2127. 

/- 
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Tz-mlx 4-5 
SampleBuildirq Heati.ngTbrgetInfozmatimFbrm 

BUILDING HEATING TARGET INFORMATION FORM (SAMPLE) 

Y”.SUYA 
__ 

No. Use 
- 

b,ru;~“ly ““l”lllV Area 

Exhibit 4-8 103 cu ft 103 sq fr I” ay IL W/W Exhibit 4-9 lx- JO 



TABLE 4-6 
Sample Piping Heat IDSS Form 

v 
Pipe 
Size 
Nominal 
Inches 



Max. Temp. Degree Days Max. Temp. Degree Days Max. Temp. Degree Days 
Plus 65” F 55” F Plus 65” F 55” F Plus 65” F 55” F 

Min. Temp. Basis Basis Min. Temp. Basis Basis Min. Temp. Basis Basis 
24 hrs 24 hrs 24 hrs 

128 1 0 84 23 13 40 45 35 
126 2 0 82 24 14 38 46 36 
124 3 0 80 25 15 36 47 37 
122 4 0 78 26 16 34 48 30 

120 5 0 ‘76 27 17 32 49 39 
118 6 0 74 28 18 30 50 40 
116 7 0 72 29 19 28 51 41 
114 8 0 70 30 20 26 52 42 

112 9 0 68 31 21 24 53 43 
110 10 0 66 32 22 22 54 44 
108 11 1 64 33 23 20 55 45 
106 12 2 62 34 24 18 56 46 

104 13 3 60 35 25 16 57 47 
102 14 4 58 36 26 14 58 48 
100 15 5 56 37 27 12 59 49 

98 16 6 54 38 28 10 60 50 

96 17 7 52 39 29 8 61 51 
94 18 8 50 40 30 6 62 52 
92 19 9 48 41 31 4 63 53 
90 20 10 46 42 32 2 64 54 

88 21 11 44 43 33 0 65 55 
86 22 12 42 44 34 

Example: 

Maximum temperature for the day. . . . . . 78°F 
Minimum temperature for the day. . . . . . 36°F 

Total. . . . . . . . . . . . . . . . . . .114”F 
DD, from table, 65°F basis 8 
DD, from table, 55°F basis 0 

Check: 65”F _ 114°F - = 65°F - 57°F = 8 DD 
2 

NUTS: Degree days for 55°F basis can be determined by subtracting 
10 from degree days for 65°F basis. 

Total DD for a targeted period must be determined on a day to 
day basis; do not use average temperatures for the period. 

4-14 



I -r 
EXAMPLES 

racks, admin. 
Igs., Classrooms 
:r. Bldgs., Mess 
Is, etc. 

ellings, converted 
srters, hospital 
*da, laboratories, 
trument shops, 
cision machine shops, 

inside 
>esi gn 
femp.’ 

legsee 
Day 

Basis 

Btus allowed/cu ft of building volume/degree day 
:ATE- 
GORY 

Bar 
Bld 
Ret 
Hal 

A-l 
A-2 
A-3 
A-4 
A-5 

Dw 

Quc 
war 
ins 
pre’ 
etc 

B-l 
B-2 
B-3 
B-4 
B-6 

70 

70 

--- 
-25’F -2O“F -15OF -10°F -5°F O°F 5°F 10°F 15’=F 

l- 
20°F Plus 25OF 

1esign Design )esi gn Desigr 1esi gn )esign )esign )esign )esign I 1esign and above 
--- 

65 1.31 1.32 1.34 1.37 1.40 1.43 1.47 1.52 1.57 1.62 1.70 
1.36 1.38 1.40 1.43 1.46 1.49 1.53 1.58 1.63 1.69 1.78 
1.42 1.44 1.46 1.49 1.52 1.55 1.60 1.65 1.70 1.76 1.85 
1.53 1.55 1.57 1.61 1.64 1.67 1.73 1.78 1.84 1.90 2.00 
1.97 1.98 2.01 2.05 2.10 2.15 2.21 2.28 2.36 2.43 2.55 

65 1.74 1.77 1.79 1.83 1.871 1.9 1 1.96 2.02 2.08 2.16 2.28 
1.81 1.84 1.87 1.91 1.95 1.99 2.04 2.11 2.17 2.26 2.38 
1.89 1.92 1.95 1.99 2.03 2.07 2.13 2.20 2.26 2.35 2.48 
2.04 2.07 2.11 2.15 2.19 2.23 2.30 2.38 2.44 2.54 2.6s 
2.61 2.66 2.69 2.75 2.81 2.87 2.94 3.03 3.12 3.24 3.42 

CPC 
Ma1 
Exe 
was 
ces 

C-l 
c-2 
C-3 
c-4 
c-5 

srating rooms, 85 65 1.95 2.00 2.04 2.09 2.15 :2.21’ 2.30 2.40 2.51 2.65 2.85 
:ernity Sections. 2.03 2.08 2.13 2.18 2.25 2.31 2.40 2.50 2.62 2.76 2.98 
un. rooms, special 2.12 2.17 2.22 2.27 2.34 2.41 2.50 2.61 2.73 2.88 3.10 
-da, special pro- 2.29 2.31 2.34 2.45 2.53 2.60 2.70 2.82 2.95 3.11 3.35 
18 rooms, etc. 2.92 3.00 3.06 3.14 3.23 3.31 3.45 3.60 3.76 3.98 4.27 

bps, warehouses, 50 55 0.68 0.69 0.70 0.72 0.73 0.75 0.77 0.80 0.82 0. a4 0.86 
ustriai Bldgs., to 60 0.71 0.72 0.73 0.75 0.76 0.78 0.80 0.83 0.85 0. a7 0. a9 
leys, hangars and 0.73 0.74 0.76 0.78 0.79 0.81 0.83 0.86 0.89 0.92 0.95 
bted unoccupied 0.80 0.81 0.82 0.84 0.85 0.88 0.90 0.94 0.96 0.98 1.00 
ldings where heating 1.02 1.04 1.06 1.08 1.10 1.12 1.15 1.20 1.23 1.26 1.29 
%bsoiutely essential 

-I__- -L 

Categories consist of a letter and a digit, viz: B-3 

The letter denotes the type of building as shown and the digit denotes 3. Standard structure, no insulation (wood sheathing, siding, and stud 
the approximate type of construction (to be altered to suit individual space, lath and plaster; brick veneer; tile or block with furred plaster) 
condition), as follows: wall heat transfer coefficient of approximately U = .25. 

1. Fully insulated building (walls and ceiling), wall heat transfer 4. Masonry structure, and no interior furred walls - wall heat transfer 
coefficient of approximate U = .lO. coefficient of approximately U = .40. 

2. Partially insulated building (1 or 2 inch inwalls or ceiling), wall 5. Skin Type Structure - bare metal exterior wall or bare sheathing wall, 
heattransfer coefficient of approximately U = .18. no interior wall; wdl heat transfer coefficient of about U = 1.0. 

Sha 
Indl 

id 
hes 
bui 
is I 

D-l 
D-2 
D-3 
D-4 
D-5 

-4-8 
Heat AllcmnceforEUildi.ngsatNaval SlxxeActivities 



9.0 

0.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 
0.5 I.0 2.0 30 4.0 5.0 6.0 7.0 

RATIO OF WALL AREA TO ROOF AREA 

Eluilding ShaF&%!%%.on Factor 
Wall Area/lbof Area Vs. Correction Facbrs for Various Building Heights 



TABLE 4-9 (1 of 2) 
Effect of Wind Velocity 

Wind Velocity 
mph 

0 

5 

7 l/2 

10 

15 

20 

25 

30 

ux = 
e+ &- ,.,,> 

Value of 
fx 

1.46 

3.20 

4.00 

4.60 

6.00 

7.30 

8.60 

10.00 

where U 
X 

= ‘U value at wind velocity x, in Btu/hr/sq ft/‘F diff 

u15 
= U value at 15 mph 

fx = outside surface conductance at velocity x 

For example - building with U value of 0.40 at 15 mph outside, 
find U for a 30 - mile wind 

ux = 

1 = 
0.1 +2.5 -0.17 = 

I The correction factor is approximated by ux 
u15 l 

Multiply this factor by the 

I building allowance, Table 4-8. In the above example, the factor is: 

0.412 = 1.63 
0.400 

The following table provides the correction factor for wind velocities from 

1 0 to 30 mph eliminating the need for repetitive calculations. 

4-17 



T!mLE 4-9 (2 of 2) 
Effect of Wind Velocity (Cmrectim Factors) 

Wall 
r,ut! 

.l 

.2 

.3 

.4 

.5 

.6 

1.0 

Wind 
Vel. 

MPH 

0 

15 

30 

0 

15 

30 

0 

15 

30 

0 

15 

30 

0 

15 

30 

0 

15 

30 

0 

15 

30 

Adjusted Correction Faction for 
I'TJII WindVelocity 

.095 0.95 

.lO 1.00 

.lOl 1.01 

.18 0.91 

.20 1.00 

.202 1.01 

.26 0.87 

.30 1.00 

.4l2 1.02 

.33 0.83 

.40 1.00 

.307 1.03 

.398 0.80 

.50 1.00 

.518 1.04 

.46 0.77 

.60 1.00 

.625 1.04 

.66 0.66 

1.0 1.00 

1.08 1.08 
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TABLE 4-10 
Piping Heat mss Allowance (Btu/hr/ft) 

LTION ? KNESS (In I 
Nominal 
Pipe Size 

Inches 
BARE I 

, 7/8 (5) 

INSUI 

1 1/32(s) 1 1/8(s) 1 1/4(s) /2(s) 2 

xes) 

2 5/32(ds) 2 1/4(ds) 2 1/2(ds) 3 

l/2 230 
1 400 
1 l/2 570 
2 730 
3 1,060 
4 1,360 
5 1,660 
6 2,000 
8 2,600 
10 3,240 
12 3,870 
14 4,500 
16 5,130 
18 5,760 

52 
68 
87 

92 
123 

141 
170 
195 

225 
272 

41 36 
52 45 
64 55 
74 63 
97 81 

116 96 
138 113 
158 129 
197 160 
238 192 
276 221 
301 239 
339 270 
378 300 

61 
77 

89 
104 
117 

33 31 
41 38 
49 45 
56 51 
71 64 
a4 75 
98 86 

111 98 
136 119 
162 141 
187 159 
213 175 
238 196 
264 216 

4 

Assumed 85% Magnesia, 300°F temp. diff. , Still Air (OMPH) 
(s) Standard Thickness, (ds) Double Standard 



EXHIBIT 4-12 

PIPINGHEATLOSSAIR VELOCITYANDTEMPERATURE 
P~RRFICTTCIN CITTRVES 

40 

35 

30 

25 

20 

15 

IO 

5 

0 
1.0 1.2 

A. WINDVELOCITYCORRECTION FACTOR 

~ 
1.4 1.6 I.8 2.0 2.2 2.4 

HEAT LOSS MULTIPLIER 

2.6 2.8 3.0 3.2 

B. PIPINGHEAT LOSSTEMPERATURECORRECTION 
FACTOR (BASED ON300"FAT) 

100 200 300 400 500 600 . 

TEMPERATURE DIFFERENCE WI 

-. 

FIGURE 4-2 
Piping Heat Loss Air Velocity and Tmperature Correction Cwxes 
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TmLE 4-11 
SteamRequirements for Ships in Brt 

Vessel Steaq Requirements at 150 psig 
(10 Btu/hr) 

D-w 

Carriers 

Cruisers 

Destroyers 

Auxiliaries 

Submarines 

Class 

CVAN 65 

CVA 59 

CVA 63 

CAG 2 

DD 931 

DLG 16 

AS 19 

- 

Intermittent Constant, for 
for Heating galley, laundry, 

hot water 

25 25 

15 23 

19 25 

9 1.8 

1.9 3.1 

6.9 5.5 

5 5 

None None 

Total 

50 

38 

44 

10.8 

5 

12.4 

10 

None 

Notes: 1. Heating requirements are based on +lO”F outdoor temperature. Heat requirements 

will vary at warmer or colder temperatures. 

2. These figures are generally maximum for ship type or class. 

3. Constant steam requirements are based on full complement on board. Reduce 

according to percent of crew berthed ashore. 
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Properties ofSaturated 
TABLEi.4-12 

StemCStarikd 14.696 psi) 

Gungc I’rcssure TCtl~)XWltllrG? 
lb/q III 0,: 

0 312.00 
1 215..33 
2 21H.50 

3 221.51 
4 224.39 

5 227.11 
G 229. no 
7 232.32 
8 231.7ti 
9 237.11 

10 233.39 
I5 219:75 
20 25b.7G 

25 2G6.78 
30 274.02 

35 2HO,G2 
40 2dC.71 
45 292.37 
50 297.06 
55 302.62 

GO 307.32 
65 311.77 
70 31G.00 
75 320.03 
80 323.90 

65 327.59 
90 331.15 
95 334.57 

100 337.68 
110 344.15 

120 350.01 
130 355.59 
140 360.84 
150 365.d5 
160 370.62 

170 :375.17 
180 379.54 
190 383.74 
200 387.78 
210 391.67 

220 395.43 
230 396.99 
240 402. GO 
250 40G.01 
260 409.x3 

270 412.55 
280 41j.70 
290 418.73 
300 421.71 
320 427.4ti 

34 0 432.w 
3co 438.22 
360 443.26 
400 448.12 
420 452.79 

440 457.32 
460 4Gl.GB 
480 465.90 
500 469.99 

Specific Volume Hoat %/lb 

d/lb Liquid LZIlCW TOLlI 
1 

2G.300 150.07 970.3 115o.'L 
25.310 18'1 . . 43 91iS.2 115l.G 
28. so0 18G.Gl 9GC.2 llYZ.fi 
22. 5:10 189,GG 9G4.2 1153.9 
21.400 192.56 9G2.3 1154.9 

20.3HO 195.32 9GO. G 1155.0 
19.4bO ml.01 958.9 1156.0 
lb. GZO 200.56 957.2 1157.8 
17.853 203.04 955.6 1158.0 
17.1.18 206.41 954.1 1159.5 

lC.49G 207.72 952.6 1160.3 
13,470 218.23 945.7 1163.9 
11.999 227.38 939. G llG6.9 
10.57G 235.55 934.0 1109.6 

0. 43n 242.95 929.0 1171.9 

S.5GG 249.59 924.3 1174.0 
7.M2G 257.99 9111.4 1176.4 
7.210 261.73 915.7 1177.4 
C. (id:, 267.16 911.9 1179.1 
G. 233 272.31 908.2 1180.6 

5. d39 277.14 904.6 11n1.7 
5.475 281.75 901.2 1183.0 
5.185 286.13 898.0 1184.1 
4.912 290.36 894.9 1185.3 
4.665 294.34 891.9 1186.2 

4.445 298.18 888.9 1187.1 
4.211 301.88 66G.l 1168.0 
‘1. Oiil 305.46 863.3 1168.8 
3.892 308.91 880.7 11119.6 
3.595 315.49 875.6 1191.1 

3.339 321.67 670.7 1192.3 
3.121 327.53 8G5.9 1193.4 
2.927 333.07 861.5 1194.6 
2.757 338.38. 857.1 1195.G 
2.607 343.44 653.0 1196.4 

2.470 346.29 848.9 1197.2 
2.348 352.95 645.0 1198.0 
2.238 357.45 641.0 119Y.5 
2.137 361.76 637.5 1198.3 
2.045 385.97 633.9 1199.0 

1. DGO.1 370.02 830.2 1200.2 
1.882C 373.96 826.9 1200.9 
1.8107 377.78 623.5 1201.3 
1.7442 361.49 820.2 1201.7 
1.8822 385.10 816.6 1201.9 

1.6243 388.03 813.8 1202.4 
1.57OG 332.OG 610.6 1202.7 
l.G"lO 39G.38 807.6 1203.0 
1.4737 398.05 804.G 1203.2 
l.:ltlOb 405.00 7911.7 1203.7 

1. 309.1 411.08 792.9 1204.0 
1.2400 416.92 7M7.3 1204.2 
1.1774 422153 781.9 1204.4 
1.1207 428.0 776.6 1204.G 
1.0690 483.2 771.4 1204.G 

?.02iC 438.4 7GG.2 1201.6 

II. 97H2 443.3 7Gl.2 1204.5 
0.9382 448.1 766.3 1204.4 
0.9012 452.9 751.4 1204.3 
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!tnBLEi 4-13 
Data Used in Calculation of Boiler Efficiency, Plant Efficiency 

and Percent of Wt& Steam Us& in Production 

1. Boiler Pressure 

2. Boiler Temperature 

3. Pounds or Btu’s of Steam Generated 

4. Pounds or Btu’s of Steam Exported 

5. Average Feedwater Temperature 

6. Pounds of Feedwater in period 

7. Average Condensate Return Temperature 

8. Pounds of Condensate Return in period 

9. Average Make Up Water Temperature 

10. Pounds of Make Up Water in period 

11. Quantity of Fuel Burned in period 

12. Unit Heat Content of Fuel 

13. Per cent of Steam Generated used for: 

(a) blowdown 

@) soot blowing 

(c) steam atomization 

(d) banking & start up 

(e) fuel oil heating, leaks, etc. 

14. Manufacturers heat rate curves for major equipment 

15. Actual measured combustion efficiency 
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TABLE 4-14 
Determination of Average Return Line Water Temperature or 

Eeaeratir Influent Temperature 

I Average Return Line Temp = (“/O ’ on d ensate)(T Condensate) + (‘% Makeup)(T Makeup) 
100 

or (Weight of Condensate)(Temp of Cond) + (Weight of Make Up)(Temp of Make Up) 

(Weight of Condensate + Weight of Make Up) 

Determination of Actual Average Plant Efficiency 

(Steam Exported)(Heat Content of Steam-Heat Cont of Return Line) 
Plant Efficiency = 

(Fuel Burned)(Unit Heat Content of Fuel) 

Heat Content of$team: Knowing Boiler Pressure and Temperature determine Corres- 
ponding Heat Content of Steam in Btu/lb from Steam Tables such 
as Keenan and Keyes or ASME. 

Heat Content of Return = Weighted Average Return Line Temp minus 32 o = Btu/lb 

I Example: 

Boiler Pressure 110 psig, Boiler Temp 344°F 

Weight of Condensate 4,252,500 lbs, or 750/O 

Temperature of Condensate = 150°F 

Weight of Make Up 1,417,500 Ibs, or 25% 

Temperature of Make Up = 60°F 

Steam Exported = 4,325,OOO Ibs 

Fuel Burned = 45,000 gals No. 6 F.O. 

Unit Heat Content of Fuel = 150,000 Btu/lb 

Average Return Line Temp = 0.75 x 150°F + 0.25 x 65°F 

1 (4,252,500) (150°F) + (1,417,500 lbs) (60°F) 
(4,252,500 lbs + 1,417,500 lbs) 

= 130°F 

Heat Content of Return Line = 127.5”F - 32 = 95.5 Btu/gal 

I Actual Plant Efficiency = (4,325,OOO lbs) (1191.1 Btu/lb - 95.5 Btu/lb) x 1oo = 7. 2Y 
(45,000 gal) (150,000 Btu/gal) . 0 
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TABLE 4-15 
Determinationof Percent of Generated StemUsedin Production 

EXHIBIT 4-18 

DETERMINATION OF PERCENT OF GENERATED STEAM 
USED IN PRODUCTION 

.Percent for Feehater Heating = (Heat Cant of F&r) - (Heat Cd of EMW.TI tie) 
.(Heat Content of Steam - Heat Cont of Return Line 

Heat Content of Steam: Knowing Boiler Pressure and Temperature determine 
Heat Content of Steam from Keenan and Keyes Table of 
Thermodynamic properties of Steam, ASME steam tables 
or other steam property tables. 

Heat Content of Return: As determined in previous example. 

Heat Content of Feedwater: As determined in previous example. 

n addition to steam used to heat feedwater the following allowances should be made 
‘or the applicable uses of steam in the plant. 

Percent for Intermittent Blowdown 
Percent for Soot Blowing (Oil Fired) 
Percent for Soot Blowing (Coal Fired) 
Percent for Steam Atomization 
Percent for Banking and Start Up 
Percent for Miscellaneous 

(Fuel Oil Heating 
leaks, radiation losses) 

112 - 1% 
1% 
2% 
1 -l/2% 

1 - 2% 
1 - 2% 

Sxample : 

Boiler Pressure 110 psig Boiler ‘Ikmp 344°F 
Ave. Feedwater Temp 221°F 
Ave. Return Line Temp 130°F 
Heat Content of Steam = 1191.1 Btu/lb 
Heat Content of Feedwater = 189 Btu/lb 
Heat Content of Return = 98 I&/lb 

Percent for Feedwater Heating = 189 &u/lb-98 BWlb 
1191.1 Btu/lb - 98 Btu/lb x 100 = 8.3% 

Percent for Intermittent Blowdown = .5% 
Percent for Soot Blowing (Oil Fired) = 1.0% 
Percent for Steam Atomization = 1.5% 
Percent for Miscellaneous = 2.0% 

Total Per Cent Used in Gen. = 13.3% 

NOTE: See paragraph 4-8 for closed type heaters with drains not returned to cycle 
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TABm 4-16 
Determination of Actual Avexage Boiler Efficiency 

Boiler Efficiency = 
(Steam Generated) x (Heat Content of Steam) - (Heat Content of Feed Water) 

(Fuel Burned) (Heat Content of Fuel) 

Heat Content of Steam: Knowing boiler pressure and temperature determine heat content of steam 
from Keenan and Keyes Table of Thermodynamic Properties of Steam, ASME 
or other steam property tables. 

Heat Content of Feedwater = Temperature of Fedater minus 32”F, 

Example: 

Boiler Pressure = 110 psig, Boiler Temperature = 344°F 
Therefore Heat Content of Steam = 1191.1 &/lb 

Boiler Feedwater Temperature = 221°F 
Therefore Heat Content of Feedwater = 221 - 32 = 189 B&u/lb 

Steam Generated = 5,400,OOO lbs 

Fuel Burned = 45,000 Gallons No. 6 

Heat Content of Fuel = 150,000 Btu/gal 

Actual Boiler Efficiency = (5,400,OOO lbs) (1191.1 Btu/lb - 189 IX&b) x 1oo 
(45,000 gal) (150,000 Bhl/gal) 

= 80.2% 



EXHIBIT 4-20 

260 

180 

100 
80 
60 
40 
20 

NOA, Nb. 2 AND NO.4 OIL 

c I.01 1.00 0.99 098 0.97 0.96 0.95 0.94 0.93 0.92 0.91 
-I 
5 ADJUSTMENT FACTOR TO CONVERT MEASURED GALLONS TO 

EQUIVALENT STANDARD GALLONS AT 60°F 

Btu Per Btu Per Pounds 
No. Name Gallon (gross) Pound (Gross) Per Gallon 

1 Distillate 136,000 19,650 6.9 

2 Domestic 139,000 19,500 7.1 

4 Commercial 145,000 19,200 7.6 

5 148,000 19,000 7.8 

5 

3 No Preheat 

-g Preheat 149,000 18,950 7.9 

I3 2 I I , Heavy I 152,000 , 18,800 I 8.1 I 

FI- 4-3 
Fuel Oil Carnrersion Graph and Fuel Oil G&es 
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!lYm.E 4-17 
Gas Fired Annual Boiler Wint enanceCost 

Rated Boiler 

I 40 

I 50 

I 60 

I 70 

60 I--- 90 

)-Yr- 
i -: 110 

I 120 

130 

I 140 

170 

r 160 - 

190 

1 

-- -- 
1 -_ _- 
.- 
-- .- L 

AGE OF IIOIIXRS 

1 5 10 15 20 25 30 35 

816 916 1020 -1120 1224 1322 1428 1530 

965 IlOO- 1240 1340 1450 1590 1720 1830 

1040 1170- 1300 1430 1560 1700 le25 1960 

1120 1270 1410 1550 1680 1830 1970 2110 

1260 1380 1540 1690 1840 2000 2150 2300 

1880 2120 2360 2530 2820 3080 3320 3580 

2000 2260 2510 2760 3020 3280 3540 3800 

20G0 2320 2580 2840 3100 3366 3600 3S70 

2310 2610 2900 3270 3480 3710 4050 4300 

2370 2650 4960 3240 3540 3810 4100 u20 
---. --- 

l410 2700 --Gz--- 3320 3620 3910 4200 4500 
----i --- 

2430 2730 3020 YiGT- 3650 3920 4240 4560 

2450 2760 3060 3370 3660 3960 4270 4570 

40 

249 

401 

720 

95% 

1102 

1274 

1510 

1632 

1940 

2090 

2220 

2440 

3760 

4020 

4150 

4650 

4730 

4112oi7 
.- 
4860 

4900 

1 
45 50 

264 280 

510 543 
- 

764 810 

1012 1074 

1172 1240 

1353 1432 

1606 1700 

1732 1636 
me- 
2050 2170 

-GO 2350 
-- 

‘If boiler is rated in Btu/hr, use lo6 Btu/hr = lo3 lb/hr. (This is an approximation, but close 
enough for this purpose.) 
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tmB.LE 4-18 
OilFiredAnnualBoilerMdn~eCost 

Rated Boiler 1 AGE OF 110IJER 

I 
35 

1188 

2320 

3320 

40 
I 

1430 17901 22801 2500 28601 3220( 35601 3940 4280 

50 1 1658 20141 24801 2900 33201 37201 41401 4560 4980 5380 5800 

6240 6700 

7360 7920 

7960 8560 

9560 10300 

10800 !OO 

19600 21000 

20300 21800 

22500 24300 

23000 24800 
-PM . 
23400 35200' 

60 I 1910 24001 28701 3340 38201 43001 4SOOj 5340 5740 

6240 

6740 

~ 5870 6600 7350 8100 

6400 7200 80JO 8800 

6900 7780 8650 9500 

7200 8100 9000 9900 

1 6800 70 2300 2820 3400 39GC 

80 2440 3120 3680 4280 

so 2930 3650 4450 5130 

100 3200 4000 4800 5600 

110 3460 4320 5100 6050 

120 3610 4500 5410 6250 

130 5510 6700 8300 9700 

140 6050 7550 9100 10500 

7340 

8840 

9600 

' 10300 

10800 

11000~12500~138b0 1 15200 16600 

12100~13600~15200 1 16500 18100 

$700 150 I 6240 82001 93701 10900 12500~14000~15500 1 17200 

160 I 6950 86501 10400( 12100 20500 
- 
21200 

21500 

21800 
- 
22000 

13900 15500 17300 19000 

14200 16000 17800 19400 

14350 16200 l&i00 19800 
--.-+ 

14400 lG400 18100 20000 

91801 1lOOOl 12800 14600(16500~18300 1 20400 
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xated Boiler 
Capacity 

1103 lb/'hr)1 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

1 

mBm 4-19 
CoalFixedAnnualEoil~MahkenameCost 

1 5 

542 675 

1,060 1,290 

1,540 1,940 

2,050 2,550 

2,300 2,990 

2,940 3,700 

3,690 4,530 

4,020 5,120 

4,890 6,300 

5,800 7,220 

6,380 7,940 

6,720 8,390 

10,600 13,000 

12,100 15,100 

12,800 16,800 

14,600 18,100 

15,200 19,000 

15,800 19,700 

16,400 20,500 

16,900 21,100 

10 

812 

1,580 

2,310 

3,260 

3,670 

4,430 

5,440 

6,080 

7,740 

8,690 

9,390 

10,100 

.6,000 

.8,200 

.9,100 

!1,800 

!2,600 

!3,500 

!4,300 

i5,3oa 

15 

950 

1,850 

2,700 

3,560 

4,300 

5,130 

6,340 

7,050 

8,870 

.o, 100 

11,100 

L1,600 

.8,800 

!1, 000 

12,200 

!5,300 

!6,300 

!7,000 

!7,900 

!9,50(1 

boiler is ratedin Btu/hr, use ; 

Age of Boiler (years) 

20 25 

1,080 1,220 

1,990 2,380 

3,360 3,510 

4.090 4,610 

4,910 5,500 

5,900 6,620 

7,270 8,180 

8,000 9,100 

.O,lOO 11,400 

.1,600 13,000 

12,700 14,300 

.3,400 15,100 

!1,200 24,100 

!4,200 27,200 

E.600 28,600 

!9,100 32,500 

$0,500 34,400 

11,600 35,600 

12,400 37,000 

13,600 38,000 

~Btu/hr=105 

30 

1,360 

2,770 

3,860 

5,100 

6,120 

7,400 

9,090 

9,990 

2,700 

4,400 

5,900 

6,800 

6,600 

0,400 

1,600 

6,200 

8,300 

9,600 

0,700 

2,100 

/hr. 

35 40 45 

1,490 1,620 1,760 

2,830 3,250 3,450 

4,260 4,710 5,050 

5,620 6,100 6,620 

6,750 7,360 7,930 

8,220 8,830 9,610 

10,000 10,900 11,800 

11,100 12,100 13,100 

14,000 15,300 16,500 

15,900 17,400 19,600 

17,500 19,000 21,000 

18,400 20,100 21,800 

29,300 32,000 34,700 

33,000 36,200 39,200 

35,100 38,200 41,500 

39,800 43,500 47,ooa 

41,700 45,600 49,5oa 

43,600 47,400 51,400 

45,000 49,000 53,100 

47,000 50,700 54,800 

, 

, 

/ 

/ 

, 

I 

I 

/ 

I 

I 

I 

I 

I 

I 

I 

50 

1,900 

3,700 

5,390 

7,140 

8,580 

.0,200 

12,700 

14,100 

17,800 

!0,300 

!2,100 

!3,500 

17,200 

12,000 

L4,500 

50,900 

i3,200 

55,300 

57,000 

59,100 
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Aver- 

age 

Age 

Pipe Tunnel, Trench, or Overhead 
Fiber Glass Cellular Glass 

$/inft of supply 

Years 
1 
5 

10 
15 

mai 
With 

land Ret 
0.025 
0.042 
0.059 
0.076 

%xsed 

/ $/in.ft of supply 

W/Out 
Cond Ret 

0.012 
0.021 
0.030 
0.039 

ma 
With 

Cond Ret 
0.022 
0.038 
0.053 
0.069 

WJOut 
Zond Ret 

0.012 
0.019 
0.028 
0.035 

m 
With 

Cond Ret 
0.010 
0.018 
0.026 
0.035 

+imc- 
Cond Ret 

0.005 
0.009 
0.012 
0.015 

m in 
With w/out 

Cond Ret Cond Ret 
0.009 0.004 
0.016 0.008 
0.023 0.011 
0.030 0.014 

20 0.091 0.046 0.083 0.043 0.041 0.019 0.036 0.018 
25 0.105 0.055 0.099 0.051 0.049 0.021 0.044 0.021 
30 0.125 0.063 0.112 0.038 0.055 0.025 0.049 0.024 
35 0.141 0.071 0.128 0.066 0.063 0.028 0.057 0.028 

40 0.158 0.080 0.143 0.074 0.070 0.032 0.062 0.031 
45 0.175 0.089 0.159 0.082 0.077 0.035 0.070 0.034 
50 0.189 0.097 0.174 0.089 0.085 0.039 0.076 0.038 

T!A%E 4-20 
AnnualMaintenanceCostforSteamDistr~~Systans 

Average 

Age 

Years 

Prefabricated Jnsulated Pine System 
Pipe Tunnel, Trench 

Direct Burial or Overhead 

$/in. ft&supply $/in.ft of supply 
main 

With w/out With 
Cond Ret Cond Ret Cond Ret 

w/out 
Cond Ret 

1 0.046 0.021 0.021 0.009 
5 0.076 0.034 0.037 0.017 

10 0.108 0.049 0.053 0.024 

15 0.140 0.062 0.068 0.031 

20 0.168 0.076 0.083 0.037 
25 0.184 0.090 0.098 0.045 

30 0.230 0.100 0.110 0.050 
35 0.261 0.115 0.126 0.058 

40 0.291 0.130 0.140 0.064 
45 0.324 0.143 0.156 0.073 
50 0.351 0.156 0.172 0.078 

Insulated Pipe With Weatherproof Jacket 

Notes: 1. For calcium silicate insulation, use data for Fiber Glass. 

i 

2. Maintenance cost for condensate return systems are based on inch-feet of steam supply 
main; inch-feet of condensate return is not required. 
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Average 
49 

Years 
(1) 

Annual 
Maintenance 

cost 
$/mile 

(2) 

1 20 

5 20 

6 20 

10 40 

15 65 

20 85 

25 110 

TABLE 4-21 
Annual Ndntenaxe Qstfor Gas Piping Systems 

~ Average 
Age 

Years 
(3) 

Annual 
Maintenance 

cost 
$/mile 

(4) 

30 135 

35 165 

40 180 

45 220 

50 245 

55 275 

60 300 
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TABLE 4-22 
Hospital EZquivt Sterilizers 

- 

STERILIZER 
HEATCONSLJMEYCIoN1O/B'IU/hR 

SIZE INXES FRBRIC LOADS SomcN LLYms 

24 x 24 x 36 55 60 
24 x 24 x 48 65 70 
24 x 24 x 60 70 80 
24 x 36 x 48 80 90 
24 x 36 x 60 85 100 
30 x 42 x 84 125 155 
36 x 42 x 84 145 185 
42 x 48 x 96 210 265 
48 x 54 x 96 260 340 
48 x 60 x 96 285 375 
60 x 66 x 96 395 515 
60 x 66 x 156 700 900 
60 x 66 x 228 1,000 1,200 

STExnJ1zERS: 

CfzmmPTIoN lo3 stu/hr 

BEDPZW 2.9 x lo3 Btu/hr 
DRESSING(per1Oin.Lerqth) 7.1 I, 
msrm (per 100 cu in.) 2.9 ,I 
WATER (per1Ogalwater) 5.8 I, 

STIILS - per 100 gal distilled water 102.6 x lo3 Btu 

DISIIWECI'ING OVENS 

up to 50 cu ft (per 10 cu ft) 29.8 x lo3 Btu/hr 
50 to 100 cu ft (per 10 cu ft) 23.8 I, 
over 100 cu ft (per 10 cu ft) 14.9 II 
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TABLE 4-23 
Galley Esuipnent 

DISiHWAS= (Tbbin) 58.6 x lo3 Btu,hr 

PLATE & DISHWAFdEG 

per 100 sq ft shelf 
per 20 cu ft shelf 

STEAMTABLE (perftlelyth) 36.6 
(Per 20 sq ft tank) 29.3 

BUNMARIE (per ftlmgth, 30 inwide) 18.0 
(Per 10 sq ft tank) 29.3 

!XEAMJACKEXEDKEITLE 

10 gal capacity 13.0 II 
25 29.3 I, 

40 44.0 II 
60 58.6 9, 

58.6 
29.3 

,, 

II 

29.3 II 

29.3 ‘8 
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!tABIE 4-24 
Heat IbssDue tOVentilatia~FknOperaticm 

Btu loss/hr = cu ft/hr exhausted x 0.075 x 0.24 x average tgnperature dif- 
ferenceduringperiodof fanoperation: 

H = 0.24d(ti - ~)Nv, 

where =heatrequbed,Btq/hr, 
ti = air density (nomally 0.075 lb/ft3), 

i=insidedesigntmprature, 
to ='outside design tenperattxe, 
N= no.ofairchanges/hr,ti 
v = volune (cu ft). 

H = (ti - t&NV 
55 
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DKyCLE%NINGSTILL DCUBLE-DRUMDRYER 

SIZE SIZE DRUMSIZE 
Gal 103?izyhr Gal lOz$hr II-d-ES 103 z 

25 50 125-150 170 24 x 60 1,000 
50 67 175-200 200 28 x 72 1,500 
75 100 250 300 36 x 84 2,350 
100 135 350-400 470 36 x 100 3,350 

36 x 120 4,200 

I 
sm3ERvIcE LALINRRIES 

V?ASHEE - 31,000 Btu/cycle for Hot Wter I 

2 - roll 104 128 
4- 210 254 
6- 310 332 
3- 429 476 
12 - 650 

36 x 24 124 
36 x 30 131 
36 x 42 151 
36 x 48 200 
42 x 40 218 
42 x 60 268 
42 x 90 402 
42 x 120 536 

- SIZE HEATINPUT WHEEZ SIZE 
DIAXIGl'H(in.) 103 Btu/UlAD DIAXLGTH (in.) T TINPUT 

10 Btu/LQAD 

30 x 30 175 
30 x 36 227 
30 x 48 330 
36 x 36 350 
36 x 48 470 
36 x 54 520 
36 x 64 610 
42 x 36 470 
42 x 54 705 
42 x 64 830 
42 x 72 940 
42 x 84 1,100 
42 x 96 1,260 

42 x 108 
44 x 36 
44 x 54 
44 x 60 
44 x 72 
44 x 84 
44 x 96 
44 x 108 
44 x 120 
54 x 84 
54 x 96 
54 x 108 
54 x 120 

1,410 
520 
785 
860 

1,040 
1,210 
1,380 
1,570 
1,730 
1,520 
1,730 
1,940 
2,150 

mI?&WASHFiR 
UWGHLY3galH(JTWN'EF@b 

(l!lnmEs WASHED) 
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TABIE 4-26 
mpk %eam-Heat-F&l Quantity Target SLprmary 

Activity NAVSTA Period 1st Quarter, FY19 69 - By 

Date 

1. Building Heating (Ref Tables 4-S ti 4-10 ard ExaR#e Itan 2) 

“F Basis 
I 

Allowance Btu/DD 
I 

Degree Days 
in Period 

..a 

65 3,951,ooo 289 
55 1,347,ooo 6 

Building Target 

2. Domestic Heating (Ref Ekample. Item 3) 

Yl 
No. of 30 Day 

Equivalent Residents 1 Allowance/30 Da Periods 

Full Time 570 1.0 x lo6 Btu 3 
Part Time 54 1.0 x.106 m 3 
Hospital 8 2.5x106~tu 3 

Domestic Target 

3. Distribution Loss (R.ef Example Item 4) 

568,000 Btu/hr x 2184 hrs 

4. Galley Allowance (R.ef Example Item 5) 

5. Reimbursables (Ref Example Item 6) 

6. Industrial (Ref Example Item 7) 

7. Interutility Transfer (Ref Example Item 8) 

8. Total Heat System Produced and Purchased Quantity Target 
(Total of Items 1 thru 7) Enter in Line 7, UCAR 

9. Total Net Production and Purchase (From Line 6, UCAR) 

10. Variance 
- 

96 over target Item O-Item 8 7774 6997 = 
Item 8 

x 1oo = 
6997 

x 100 
= 11.14 

% under target = “:tii :te” gx 100 = * x100= 

l!ARGET - lo6 Btu I 

% 

1142 
8 

1150 

1710 
162 
60 

1932 

1245 

680 

1790 

200 

0 

6997 

7774 
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TABI 4-27 (3 of 8) 
SanpleCalculations Stem/HeatingAllmance 

4 DistributionImses (Pipe) 

0 1 0 2 0 3 0 4 0 5 0 6 
Pipe Size Imgth Insulation HeatLDss Temp. Temp. Corr 

ft A-dmveGrrd Factor Diff. Factor 
In. B-beluwGrnd Table 4-10 OF 0 5 x g+ 0.21 

8 1,800 B 2in. 160 300 1.0 
6 800 B 2in. 129 300 1.0 
4 900 BStardard 141 300 1.0 
2 300 BStzitxIard 92 300 1.0 
1 l/2 250 BStandard 87 300 1.0 

%&al Heat Loss Target = 2,184 hrs x 568,000 = 1,245 x lo6 Btu 

0 7 
Air Velocity 

Factor 
Figure 4-2 

1.0 
1.0 
1.0 
1.0 
1.0 

Total 568,000 

0 8 
Heat Lass 

288,000 
103,000 
127,000 

28,000 
22,000 

Note: Steam Temp = 345OF, trench tmp = 45OF; Diff = 300°F 
Heat Iosses may also be calculated frcm Table 4-11, NAVFAC MI-303 (Piping Heat Ims AUowance) 

1 See Figure 4-2 (A) 



TABLE 4-27 (4 of 8) 
Z&mpleCalculationsSteam/HeatingAll.owance 

I 5. Galley Allowanc e (Fran papagraph 4-4) 
a. Mess Hall capacity - 500 persons; (av age use 460) 
b. Steam requirgnent per meal .0054 x 10 iiT Btu 
c. JVmher of meals served in target period, 91 x 3 x 460 = 126,000 
d. Total requirments per quarter; .0054 x lo6 x 126,000 = 680 x106 

6. Reimbursables (Metered) 
a. Officers Open Mess 
b. Navy Exchange 
c. Ships 
d.Bxsi.ng 
e. aarmissary 
f. Air Force Detachrent 

7. Industrial Use (Metered) 
a. Ships on a non-reimbursable basis 
b.Laundry 
c.carwashing 
d. Ship's Garbage Cooking 
e. Shops 
f. other 
g. Sub-total, Industrial Use 

lo6 Btu 
0 
0 

15 
0 

185 

8. Interutility Transfer 
a. Electric Systen(l) 
b. Potable Water System 
c. Air conditioning 
d. Other 
e. Sub-total, InterutilityTransfer 75 

Note l- Thefollowingisa smplecalculationfordetemining steamti 
requi.rmentofaturbo-genera~runit. 

lo6 Btu 
15 

150 
1000 

25 
600 

Total 1790 

T&m-Generator Unit 

Type - straight condensing 
Rating - 5,000 l&r, 370 psig, 750°F, 2" Hg. abs baclqzessure 
Average loading for targeted period - say 60% or 3,000 kw/hr 
Steam rate; 10.1 lb/kw/hr 
Heat value main steam (at 370 psi, 750OF): H = 1,390 Btu/lb 
Heat value aokknsate (at 2" hg). h= 69 Btu/lb 
Turbine heat rate = steam rate (H-h)= lO.l(l390 - 69) = 13,340 Btylkv 
Turbinesteamtarget= average loading ~heatrate~~operatinghmxs 

= 3,000 x 13,340 x 2,184 = 87,000 x lo6 Btu 
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TABLE 4-27 (5 of 8) 
SampleCalculationsSteam/ReatingAll~ 

B. Boiler Efficiency ard Distrikmtion SuMivisian Factor 

1. Stem Rquirment for Production (Refer to Tables 4-13, 4-14, 4-15) 

a. OperatingConditions 
1) Boiler; 120 psig, 35OOF; H = 1,192.3 Blx/lb 
2) Dearator; 5 psig, 327OF; h = 195 
3) Cordersate return; 160°F,h = 118 
4) Make-up; 25% at 60°F, h = 28 
5) Average return temperature (Wle 4-14) 

= % weight condensed (tenp. cond.)+ % weight make-up (tanp. me) 
100 

= 75 X 160 + 25 X 60 = 1350F. h = 102 Btu/lb 
100 ’ 

b. Percent of stwm~equired for wction 
1) X far Feedwater Heating 

=HeatContntFeedwater -HeatContentofFMzurnLim 
HeatCmtent Steam -HeatContentotReturnLine 
195 - 102 = 1,1g2.3 _ loz = 8.5% 

2) % for intermittent bladcwn 0.5% 
3)% forsootblowing 1.0% 
4) % for steamatrmization 1.5% 
5) % for banking and start-up 0% 
6) % for No. 6 Fuel OilHeatiq 0.5% 
7) % Radiation ti Unaccounted losses 1.0% 
8) TWalPercent m 

c. Amount of steam used in Production (Refer to Table 4-15) 

=GrossPlant~~~ion(~l,UCAR)x%requiredfon~~~tion 

1st quarter =8,935 x 106 Btux 13% = 1,161 x lo6 Btu(1) 

2lldquarter= 106 Btu x % = 106 Btu(1) 

3rd quart= = lo6 Btu x % = 106 Btu(1) 

4th quaeer = 106 Btu x % = 106 Btu(1) 

Note: Insertcalculatedamuntof stemusedinProductionin 
Line 2, IXXR 
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TABLE 4-27 (6 of 8) 
SampleCalculationsSte&&&ingAllowance 

I 2. Actual Average Boiler Plant Efficiency (kfer to Table 4-16) 

a.Averageefficierq=Heat~t~t x 100 
Heat Input 

= Lg ;; -- x 100 
I 

= 8,935 x106 Btu 
I l2 x 1otj *tu x 100 = 75% 

3. Target Boiler Efficiency 

Use boiler design efficiency corrected for plant age, and changes in 
operatiqconditions,etc. 

Target Efficiency = 8o"L (Design) - 2 (correction) = 78% 

I 

Ratio of actual to target efficierxzy = 3 75 (f= Par. 2) = o g62 

(fMnPar.3) l 

4. DiStriktion M&kmance subdivision Factors 

Actual Distribution PriorFisca1Yea.r 
Main-e Cost 1stQtr. 2ndQtr. 3rdQtr. 4thQtr.lwal 

July- Oct.- Jan.- April- 
Description LineSqt. Dec. March June 

of 

Labor 39 $5,150 $ 825 $1,750 $1,650 
IMzerial 40 450 175 450 650 
ContracturalandOther 41 

Total $5,60: $1,000 $2,200 $2,300 $11,100 
Quarterly Subdivisim(l) 0.505 0.090 0.198 0.207 1.000 

I Note: U-J (xzarterly -ivision = m~m~~~ !tbta1 

5. Yearly Distribution Maintenaxe Target Cost 

a. Inch-Feet distribution - (see A-4) 
b. Unit Cost of mintmame (Table 4-20) 

(based on 20 year age) 

23,775 
$.0.168 

c. Yearly target Main-e Cost (a x b) $ 3,990 
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BIBLE 4-27 (7 of 8) 
SampleCalculations SWm/HeatingAllowance 

STEAM,HEATANDFUELUNlTCosTTARGETSUM!ARY 

1. Quantities fmn Current UCAE - 1st Quarter of FY 

a. Net Plant Production 6 
b.mrchased sxiz 
c.TotalProductionandPurchase 

(UCAR 3, 4 and 5) 1oh.l 
d. Production Qmntity Target 10%3tu 
e. InterutilityTransfers Ran 106Btu 
f. Net Production and Purchase (UCAR 6-8) 106Btu 
g. Quantities Ioss in DistriMzion 

(sample talc., A-04) lO%tU 
h. Net Quantity Delivered (UCAR 9-10) lO%tU 

2. FYcduced Unit Cost Target 

a. Fuel Cost 
b. Total Cost (sum of XAR Lines 17 thru 25) 
c. Intmutility Transfers to 

1) steam 
2) Electricity 
3) Potable Water 

d.GrossProductionCost 

7,774 
0 

7,774 

6,997 
0 

7,774 

1,245 
6,529 

3 
4+5 

6 

7 
8 
9 

10 
11 

$ 4,750 
11,790 

18 

0 26 
460 27 
140 28 

12,390 31 
e. Fuel ard Prodmtion Interutility Transfers Fran 

1) Actualitmsa +c; (SumofUCARLines8 +26 
thru 29) 5,350 

2) Target (itm e(1) p ratio of actual to target 
efficiency, 0.962) 5,147 

f. Targeted Production Cost (itms [b + e(2)] -a) 12,187 
g.UnitCostTargetProduced (itenf + la) - 

$/lo6 Btu 1.56 
h. Unit Cost of Utilities Ptxduced (UCAR Lines 

31 + 3) $/lo6 Btu 1.59 
i. Ratioof ActualtoTargetCost (UCARlXnes 

48 + 49) 1.02 
j. Variance of Actual frm Target Cost; 100 x 

(iten i - 1)X 2.00 

3. Delivered Unit Cost Target 

49 

48 

a. Net Quantities Delivered (UCAR Lines 9-10) 106Btu $6,529 
b. Qmkerly Maintenance subdivision Factor 

(sampleCalculationB, 4) 0.505 
c.YearlyTargetMaintenameCost(sampleCalculatim 

lSampl~'~kiLation B; 3. 
$3,990 
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TABLE 4-27 (8 of 8) 
SampleCalculations Steam/MeatiqAllowance 

d. Quarterly Target Main-e Cost (iten 3b x 
item 3c) 

e.TbtalCostof Production&Purchase 
f. Targeted Reduction Cost (item 2f) 
g. Distrtition Operating Cost (sum of WAR Lines 

36, 37, 38) 
h. Distribution Main-e Cost (sum of UCAR Lines 

39, 40, 41) 
i. DistributionOverheadCost (sumof UCARLines 

42, 43) 
j. Total Cost of Distribution (sum of WAR Lines 

36 thru 43) 
k. Total Delivered Cost (sum of EAR Lines 35 + 44) 
1. Targeted Delivered Cost (sum of items d,f,g,i) 
m. Unit Cost Delivered WAR Lines 45 + 11) 
n.TargetedUnitCostDelivered (itenl+ UCAR 

Line 11) 
0. Ratio of Actual to Traget Unit Cost (UCAR Lines 

46 + 47) 
p.Varia.xeofActualfromTargetUnitCostlOO x 

(iten 3o - l)% 

$ 2,015 
$12,390 35 
$12,187 

0 36,37,38 

$ 2,450 39,40,41 

$ 250 42,43 

$ 2,700 44 
$15,090 45 
$14,452 

2.31 46 

2.21 47 

1.045 

4.5 
- 
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CHARTERS. TANiETSF'ORAIR~ITI~ 

5.1 (XNEmL. Theproceduresoutlinedinthis~~willprwideamethod 
for determining targetairccmditioningrequirements, in terms of full-load 
ton-hours,andfordetermining~el~ical~steamenergyneededto 
fulfill these requiremnts. The electric and steam energy quantities es- 
timatedus~these~~~~canbea&leddir~yt;othesteamorelec- 
tric targets. l&period for airccnditimingtargets slmuldbe chosen so 
astobeconsistentwiththeelectricorsteamtargetstio~~theycon- 
trilxlte. Themethodsopxtlinedbela~forde~equivalentfull-load 
tin-hours areoonsidered~~farthegeneralclassofbui~s such 
as office buildings, barracks, dmllings, shops, II&S facilities, and 
clas-. Special applications, suchaslaqeprocessloads,cammnica- 
tions and data wccessirq equipment, etc., should be treated imlividually, 
giving consideration to each user's constraints. 

TheequatioDlsinthissection~edevelopedto~~earelativ~y 
simple,generalmtbdforestimatixqaircmditioningrquirmentsfor 
target use. Mostoftheconstantsareaveragevalues&ichvaryfruncase 
to case. Theengineer should investigate thz applicability, ineach indi- 
vidualcase,of such factors as a~ageloadestimatian,~/~nestimatian, 
n&or efficiency, steamrequiremntspertm,etc. Judgementandexper- 
i~eonthepartof~t~memberwill,toagreatextent,~~ 

c^ the quality of this particular target. Themetbdsdescribedinthis 
secticnareintended~provideana~~~teusageestimateofwideap 
plicabilitywithaminimmofwork. Othermatbdsofdevefropi.qreascnable 
targetsare,ofcourse , available, andthis infomationisofferedas an 
aid to the perscmelultima&lyresponsible for theuse, operationand 
xnaintenameofaircmditioningsystms. Itisinterdedtomaketheman- 
agmentof these increasingly imporbntsystemsmreeffective. The fol- 
lowinginformationisrequiredfortheestimationofthe~required 
forairconditioning: 

(1) Total heat dissipation of building lighting (see Table 5-2). 
(2) Tbtal heat dissipticn of building stirs, etc. (see Table 5-3). 
(3) TotalheatdissipationofpersollnelwithintheIxlilding. This 

~l~mustbea~~te,dependingontheplrposeanduseofthe~ilding 
(see Table 5-4). 

(4) Tbtal heat dissipatian of steam-heated appliances (see Table 5-5). 
(5) Total heatdissipaticnof electricandgasappliames (see 

Table 5-6). 
(6) Thenunberofccolingdegree-hoursinthetargetpericd. 
(7) Tbtalheatdissipationof specialequipnentsuchasautamtic 

cmtrolsorcxxqqterequipnent. This informationmaybecbtaimdfmnthe 
equipnentmnufactur~s. 

(8) Total installed tonnage of air conditioning, and type of refrig- 
eration used. If any of the machinq employs the "ecmaq cycle," which 
utilizes a varying amount of 0x1 outside air to lighten the refrigeration 
load, or if the installation is of the evmative type, these factors 
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should be taken into consideration. 
(9) Much of this infomatim should be available at the electric 

utility serving the area. 

5.2 AIRCXMDITICNING REQUIREMEM'SE!X9MATICN. Apreliminaryquickesti- 
mateof air conditimirqrequirements canbeobtainedusing Tables 5-7 and 
5-8. The average square footage per ton estimtes shown inTable 5-7 rep 
resenttheworstcase for eachtypeofbuilding: theGulf CoastandFlorida. 
Toobtainanestimateforo~geographiclocations intheUnitedStates 
these values should be multiplied by the apFrro@ate decimal in Table 5-8. 
Thismethodisa~~te,~t~aFpliedwitha reasonablecooling 
seasonfactorandcoolingf~tor~coolingdegreehoursabove65degrees 
F wethdb, shouldgivea quick target estimate for cooling season energy 
r&-tsformstcanfoortsystans. Otkrm&hodsmustbe applied to 
systanswithlarge~~essloadsandforsystanswithlargeinternalload- 
ing factors. 

Toobtain more substantial aircorkditioning targetinforxationthere- 
frigeration equipt for each systen of fifty tons or more should be 
metered, bhether electrically or steamdriven. Metering of electrically 
drivenunitsmaybe acocmplishedwitheitherakil~tt-haurnreterar an 
elapsed tim meter. The hours of operation need only be mltiplied by the 
a-plate tonnage of the unit. Ineithercase,themeter shouldonlybe 
appliedtotherefrigerationpxtionof themachine. Rezxlings shxldbe 
recordeddaily~~~againstthedailyoutdoorwletbulbandiiry 
bulbtgnperatures. Inthecowrseofatypicalcoolingseason,degree-~ 
ardegree-daydatawillbeac~lated~maybeusedindetermining 
full-loadton-hoursof aircmditimingrequired. With this infomationat 
hard, auseful eguationfordetennk&g equivalentlmurs of operation is: 

H, =m(b+d)r (5-U 

where I& = equivalent full load operating hcx4rs of refrig- 
eratingequipwntduringatypical~ling 
season (May 15 to Oct. 15), 

m= totalhours thattheaircorx3itioned space is . 
b = ~~&ofmaximumlcadwhichis internal, 
C = fraction of maximun 1oadwhichi.s external, and 
f = ratio of the nunkr of hours m the outside 

wt bulb tmperature is greater than 65 degrees 
F.tothetotalnunberofhoursthesystenis 
nmningduringthecoolingseason. 

. Maxmuminternalloadintonscanbedeteminedbythefollowing 
equation: 

Li = CL1 + Lp + Le) 12,000 B.t.u./hr./ton ' (5-2) 

- 
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0 
where Ll = B.t.u./hr. dissipated by lighting, 

h = B.t.u./hr. dissipated by mtors, etc., during 
hoursofactualuse, 

I$ = B.t.u./hr. dissip&ed by personne 
h = B.t.u./hr. dissipated by other &St in 

thekn~ilding. 

Maxinnmextermlloadcanbedetemin&ibysubtractingthe internal load 
fran the tit& installed tonnage. 

Theequivalenthoursof operationdeteminedbyquation 5-l,multi- 
pliedbythe installed tonnage,maythenbeusedtotargetthe iqutenergy 
required to provide the necessary air coktitioning refrigeration. 

In exceedinglydryclimates,wheze thewethlb temperaturemaynot 
rise above 65OF. even though there is a significant demand for air condo- 
tioning, equation 5-1islikelytibecunetzo inaccuratetobeuseful. If 
stardardairconditioning equipnent,asopposedtoevaporationcooling de- 
vices, is used in such a climate, the EED must establish whatever target 
allowanceor targetingprocedureisnecessary for theparticular installa- 
tion. It shouldbenotedthatstaradard design medures for a dry cli- 
mate usually call for evalmration cooling devices ard that these devices 
aremchless expensive tooperate tkincoxwehtionalequiprmt: Air con- 
ditioning probably should rmt be targeted as a separate utility for in- 
stallationskichuseevaporationcoolingdevices. 

5.3 AIRCCNDITICN7NG ElllxmIa ENEFGY USE. The amuntof electrical 
energyusedbyelectricallydrivenaircondi~ in the target period 
maybeestimatedbythe equation: 

where 

E = o.75THe rrp/ill 
( ) e 

, 

E =kw.-hr.of electric energy, 
0.75 = the no. of watts/horseFower (appmx. 1 , 
THe=equivaknttan-Zmursofoperation, 

W/T=corqressor inpk,hor w-.M=b d 
e = motir efficiency. 

Approximations for HP/T are: 

Centrifugalunits - 0.9 HP/ton. 
Reciprocating units, under 75 tons - 1.0 HP/ton. 
~iprocatingunits,75tonsandaver-O.7~/~. 

Approximations for eare: 

Driving rotors up to 25 tons - 0.85. 
Dhhg notors over 25 tins - 0.90. 

(5-3) 

systan. ~estiroatethetotalenergyd~,~~incl~~airhand- 
ling equi-t, thevaluefor refrigerationrequiremmtsismultipliedby 
1.4. 
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5.4 AIRCCNDITICNItGSTEAMENEXXUSE. The following approxim tions can 
beusetdfordetem&ingsteamrequirmantsfors team-drivenairamdition- 
~units~theactualheatratesoftheeqlui~tarencrtknawn: 

Backpressuretiine 12,600 B.t.u./ton/hr. 
-i.ng turbine 16,000 B.t.u./ton/hr. 
*sarptiopl 18,600 B.t.u./Mn/hr. 

These allowances are mltiplied by the equivalent full-load ton-hours as 
derived-e. The~ionheatratee~~canalsobeusedfar 
unitsdrivenbyhightmperaturetkzter. Direct-fired absoqtionunitsnwt 
be stdied separately,consideri.qtheix individualheatrates. The elec- 
trical requirmwnts for these systemswillbeestimted separately and 
added totheelectricalquantitytarget. 

5.5 TAFGET USE. Inmstcases the inpltrequirements targetdevelopedfor 
airconditicdrq is applied tothemregeneralQuantityT&.rgetsfor 
SteamandElectricity. Howvm,aseparatetargetcanbereportedonthe 
~fcrrthoseairconditioningsystanswhicharemetereddirectly,such 
ascentralchilledwater systmsorthose systmswhichhavetheirown 
heatsourcearametzredheatinlmt. Ebrthlosesystmswiththeirown . mkpedentheatsxrce,a fuelquantityshouldbedevelopedbasedonthe 
individual~trateof~equipnentandtheproceduresinChapter4. 

Avmrksheetinthefomof~le5-1shmldbedevelopedandcanpleted 
using equations 5-1, 5-2 and 5-3 and the estimated usage factors found in 
Tables 5-2 thrmgh 5-6. Eachactivityrmstmodifytheseconstantstocan- 
pensateforcox~Ctionswhichvaryfranthenormssetforth. Ifthequick 
estimatexnethd (Table5-7)isused,thetDtalsrmsttakeintoparticular 
account the applicable zone of Table 5-8. 

5.6 ExAMmE OF TARSET CIWULWICN, USING EQUATIONS 5-l THwxK;H 5-3. A 
hildiq of 20,000 square feet total area contains 12,000 square feet of 
shaps (light industrial) and 8,000 square feet of office space, with 102 
shop wakers and 50 office personnel. It is lighted by flmrescent light- 
ins* Aircomditioniqis suppliedby electricallydrivencentrifugal 
units,150 toncapwity. Toobtainmaximn internalload (seenqUation 
5-2): 

Far lightirq load, Lit mltiply areas by the factors in Table 5-2: 

Ll = 12,000 ft2 x 20.0 = 8,000 ft2 x 24.0 = 0.432 x lo6 B.t.u./hr. 

Far~~heatload,r,,sumuptheactualloads,us~thedata 
inTable5-4supplmtedifmcessaqbyastandard aircorrlitionirqhand- 
bookormanufac~'sdata. In this example, we assume that: 

b = 0.115 x lo6 B.t.u./hr. 

rp = 102 slqxmrkers x 800 + 50 office 
lmrkas x 475 = 0.105 x lo6 B.t.u./hr. 
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P 
Forotherequipnwt,l&, sumupthe 

data in Tables 5-5 and 5-6, sup@enented 
Inthisexaqle,weassumethat: 

le = 0.540 x 106 

actual appliance loads, using the 
byhandbookornranufacturers' data. 

B.t.u./hr. 

So,thetxYtalmaximun internal load, Lit in tons, fran equation (5-2) is: 

Li = Ll+hl+L, 
12,000 +L",+y$6 =99tons (5-2) 

Tbobtainmaxhum external load, subtract internal load frcm installed 
tonnage: 

LE = 150 - 99 = 51 tons 

~obtainequivalentfullloadoperationhours (seeequation 5-l): 

Total hours,m, that the space is inuse foronemonth,usinga g-hour 
day, S-day week, 1 shift, 

m = 198 hours 

Fraction of load that is internal, b: 

b 99T = -= 0.66 15oT 

Fraction of load that is external, c: 

C 51T = -= 0.34 150T 

NLnoberofhoursoutdoor~&-bulbtanperatureexceeded65~F. during 
~nthisobtahedfrcanweatherbureauor,better, franrecordsattheac- 
tivity. In this example, it wx fourd to be 472 hws. Since there are 
744 total hwrs in a 31 day mnth, the ratio, f, is: 

f = !m= 0.63 

EQui~lentfullloadoperationhours, He, are'obtainedby: 

fk = m(b + cf) = 198tO.66 + 0.34 x 0.63) = 172 hours. (5-l) 

equivalent electric enerqy, E, consumption (equation 5-3) is ob- 
tainedasfollows. 

Total tonnage is 150, and equivalent full load operation hours are 172, 
as calculated in the foregoing paragra@s, Horseperof theaircondition- 
ing unit is 0.9 HP/ton and efficimy e = 0.90, per paragraph 5.3 for 
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centrifugal units over 25 tons (or use manufacturer's data). 

E = 0.75 THe !Es 
e = 0.75 x 150 x 172 x E= 19,350 kw.-hr. (5-3) . 

This is refrigeration load only. !L'oobtaintotalload(includingfans, 
blowers, etc.) multiply operating hours by rated load and add to the above, 
or use the factor 1.4: 

(19,350) (1.4) = 27,090 kw.-hr. 
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TABLE 5-l 
Sample Activity Air Cmditioniq Fkquimnents 

I Station: I Period: I Prepared byr 

Refrigeration 

1. Metered Air Conditioning 

a. Steam-driven 

b. Electric 

lbs Equiv T-H 

lw-hr Equiv T-H 

2. Targeted Usage (paragraph 5-2) 

a. Residences (barracks housing, BOQ) 

b. Offices, schools, auditoriums, etc. 

c. Mess halls 

d. Hospitals 

Patient rooms 

Public areas 

T-H 

T-H 

T-H 

e. Shops, Hangars, etc. 

Light assembly and repair 

Heavy construction and repair 

f. Other uses, outside of any of the above 

(Includes cooling of EDP equipment, etc.) 

3. Total electric powered refrigeration (1. b through 2. f) T-H 

4. Electric consumption (ton-hours x a conversion factor ‘) kw-hr 

Air handling (item 4 x 0.4, or rated total air handling load x operating hours) 

5. Total electric consumption 

kw-hr 

kw-hr 

6. Steam consumption (ton-hours x heat rate) BtU 

The total electric consumption and total steam consumption are to be added to the 
appropriate quantity targets. 

,lThe conversion factor is to be established by the EFD or calculated from paragraph 5-3. 
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TABLE 5-2 
moximte Heat Given off by Lights 

, , 

.- 
L.Wd 

Of 

[Humi- 

INCASDESCENT 1 
-ilzpqG- 

Btu per (so ft) (hr) 

FLUORESCENT 

-iz-pqF 
Btu per (sq ft) (hr) 

- 

72 
m 

z 

- 

A 
A 
B 
B 
B 

C 

A 

A 
A 

C 
B 

C 

C 

B 
B 

B 

C 

C 
C 
B 

B 
A 
- 

Application 
Foot- 
andles 

L 

19.0 

20.6 

30.0 
22.0 

12.0 

jO.0 

jj.0 

3c%o 
150.0 

8.0 
33.0 

jO.0 

jO.0 

22.0 

33.0 

jj.0 

20.0 

5-25 
5.0 

12.0 

4.8 

I.7 : 

6.0 9.0 
7-o 10.0 

16.5 24.5 
6.6 9.8 
3.7 8.0 

10.0 15.0 20.9 

8.0 12.0 18.0 

jO.0 

20.0 

t 00.0 

40.0 

50.0 
60.0 

I-7 

4.0 

9.0 

2.5 4.0 
6.0 8.0 

C x2.0 
B 4.8 
B 7.2 

15.0 25.0 

17.0 24.0 

6.6 9.8 
10.0 Ij.0 

r hrmories . . . . . . . . . . . . . . . . . . . . . 
Banks . . . . . . . . . . . . . . . . . . . . . . . . . . 
Barber Shops and Beauty Parlors . , . . 
Court Rooms . . . . . , . . , . . . . . . . . . . . . 
Dance Halls . . . . . . . . . . . . . . . . . . . . . . 
Drafting Rooms- 

Prolonged Close Work, Art Drafting 
and Designing in Detail _ . . . . . . . . 

Hospirals- 
General , . . . . . . . . . . . . . . , . . , . . . 

Operating Rooms- 
For Major Operations _ . . . . . . . 
For Minor Operations . . . . . . . . . . 

Hotels- 
Dining Room . . . . . . . . . . . . . . . 
Kitchen . . . . . . . . . . . . . . . . . . . . . . . . 

Library- 
Reading Room . . . . . . . . . . . . . . . . 

Ofrice Buildings- 
Bookkeeping, Typing, and Accounting 

Post office- 
Lobby . . . . . . . . . . . . . .._......... 
Sorting, Mailing, and File Room. . . , 

Professional Oftices- 

30 
30 
50 
20 

5 

50 

50 

1000 

200 

5 

20 

30 

50 

20 

30 

30 

IO 

IO 

II.0 IS.0 

6.0 10.0 

I 

i 

7.0 
18.0 

18.0 

.8 
7.0 

1.0 

9-o 

12 .o 

10.0 

20.0 

10.0 

3.5 

25.0 

25.0 

100.0 

40.0 

3.5 
15.0 

IS.0 

25.0 

10.0 

14.0 

Ij.0 

24.0 

14.0 

7.0 

40.0 

35.0 

200.0 

80.0 

5.0 

2 I .o 

35-o 

35-o 

Ij.0 ’ 
1 

14.0 

21.0’ 

14.0 20.0 

7-o 10.0 

7.0 IS.0 

Ij.0 2 I .o 

/ 

B 1 6.8 

r 1 3.4 L 

C 

Waiting Rooms and Consultation 
Rooms . . . . . . . . . . . . . . . . . . . . . 

Restaurants, Lunch Rooms, Cafeterias- 
Dining Areas . . . . . . . . . . . . . . . . . . . . 

Schook- 
Auditoriums . . . . . . . . . . . _ . . . . . . . . , 
Class and Study Rooms . . . . . . . . . . . 

Store Interiors . . . . . . . . . . . . . . . . . . . . . 
Theaters and Motion Picture Houses- 

Auditoriums (Darkened) . . . . , . . . . 
Industrial Interiors’ . . . . . . . . . . . . . 

30 IC 
40 1B 20.0 2 5 .o 

1.0 I I.4 

12.0 ’ ’ j.0 I L 

I.\-direct lighting system ; B--semi-direct 0)~ general ~:atiuse lighring aystcm ; C-indirect or semi-indirect ;ightiny syrtem. 1 
The type system has been indicated to allow the hcating and vcntilaAy cnyincer to make an aclju~tment if he is aware hai a : 

di&rcrcnt type lighting system is being insG&d. I 
‘Gencrrl illumination only with indutrinl RL.X Iighting fixtures. I 
SOTE: Fixtures for “low,” %vcra~e,*’ and “high” VB~UCJ wo Iwed 0‘1 rooms having approximately the following ratios oi ! 

room’ width to ceiling height and for reccmmcndcd footcandle levels ior each area: Low-6.0; Average--2.5 ; High-1.0. 
Aside from room shape; room rurface reflection factori and the type fixture will cause considerable variation. While ali a:tew~ / 

WJS made to b+ the valuer on typical fixtures and room rctiectmcer. it is to be expected that wide varfation in Btu’r w. ?rq~urc , 
’ loot per now Will occur. I 

-FROM Strock, Handbook of Heating, Ventilation 
and Air Conditioning 
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TABLE 5-3 
Heat Given Off by Electric IMmrs 

c-1 
Locatiopl of E&me& with Respect to 

Cmditicg& ac 1 
Motor In - - Motor Out - 

Nameplate2 
Motor In - 

Full Load Driven Mechine in Driven Machine in Driven Machine at 
or MOtOl- iPX2Zk5 HP x 2545 ll-%Effil 

Brake Efficiency % Eff. 
Harseporer Percent Btu per Har 

-l/20 40 320 130 190 
VI.2 49 430 210 220 
l/8 

ii 
580 320 260 

05 710 430 280 
I l/4 64 1,m 640 360 

l/3 66 1,290 850 440 
l/2 70 
3/4 

1,820 1,280 540 
72 2,680 1,930 750 

-1 79 
l-1/2 

3,220 2,540 680 
80 4,770 3,820 950 

: 80 81 6,380 9,450 7,650 5,100 1,280 1,800 

T-l,2 82 85 22,500 15,600 12,800 19,100 2,800 3,400 
10 85 30,000 25,500 4,500 

15 38,200 6,300 
20 ZG %~:~ 
;z 88 89 72:400 85,800 

51,000 7,500 
63,600 76,400 9,400 8,800 

40 89 115,OOC 102,000 13,000 

6': 2 143,ooo 127,000 16,ooO 
172,000 153,000 19,000 

75 90 212,000 191,000 21,000 
100 90 284,ooO 255,M)o 29,000 
125 90 354,000 318,000 76,000 

150 91 420,000 382&'0 38,000 
200 91 560,000 510,000 50,000 
250 91 700,000 636,000 64,ooO 

1 For intermittent operation, an appropriate usage factor shald be wed, 
preferably measured. 

2 If motors are overloaded and am-t of werloading is unknonn, rmltiply 
the abwe heat gain factors by the folloring maxiwn service factoxw: 

Horsepower l/20-1/8 l/6-1/3 l/2-3/4 1 15-2 3-250 

KopenType 1.4 1.35 1.2'5 1.25 1.20 1.15 
DC Open Type --- -- -- 1.15 1.15 1.,15 

3 For a fan or pump in airccnditianedspace, exhausting air and pumping 
fluid to cutside of space, use values in last column. 
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TABLE 5-4 
He&t GivenOffby Persont'd 

Seated, very light 
work 

Office worker 

Sedentery work 

Light bench work 

Uodcratc dancing 

walking, 3 mph 

High School 

Ofricee 

450 

475 

5aY 

600 

9oci 

400 

450 

350 

750 

Mews hall 2 
Factory, 1Qht work 

Deme Hall 650 

Factory, reirly 
hew-y work 100O lM)(3 

Heavy work Fectory 1500 l450 

1 AdJusted Ytebollc Rate ia the metabolic ret* to be qaplied to e 
mixed grarp of peaple with a typical parsant cqrsitian bwed cm 
the follaring fectare: 

Netebolic rate, adult female = Uetobollf retc, adult nNlc L 0.85 
Metabolic rate, children = Metabolic rti, adult male x 0.75 

TTPICAL 
APPLICATIOH 

Theater, 
Grade School 390 350 175 175 195 155 210 140 230 120 260 90 

hemgO 
AdJwted 
Mat OliC 

f Rata StwhT Sctvlible Latent Sensible Leten' Smiblc Latent 

180 

180 

190 

190 

220 

220 

270 

360 

560 

630 

195 205 

200 250 

220 330 

22O 530 

245 605 

215 185 

215 235 

240 310 

245 505 

275 575 

240 160 

245 205 

280 270 

295 455 

325 525 

27: 125 

285 165 

320 230 

365 385 

400 450 

270 730 300 7CO 330 670 380 620 

450 moo 985 485 %5 525 925 

2 WE Hell - Veluee for thh epplicatim include 60 Btu per hr. for food 
per indivlduel (30 Btu aavible and 30 Btu latent heat per br). 

660 

605 

540 

845 

stu/hr 
Seneible Latent 

70 F 
etu/hr 

Seible Latent 



TABLE 5-5 
rrpFaroxirnate Heat Given Off by Steam Heated Appliances 

APPLIANCE 

Steam Jacketed Kettle 

Steam Table 

STEAM USAGE 
pounds/hr 

2.0 per gal contents 

1.3 per sq ft table 
Surface 

HEAT GAIN TG SPACE 
Btu/hr/total 

935 per gal contents 

770 per sq ft surface 

Bain Marie 
(vegetable & sauce 

warmer) 

3.2 per sq ft table 
Surface 

1,535 per sq ft surface 

Plate Warmer 1.5 per cu ft of vol 
Urn 3.0 per gal contents 
Vegetable Steamer 2.0 per gal contents 
Egg Boiler 5.0 per compartment 
Tray Washer 0.17 per person served 
Cup Washer 0.08 per person served 
Dishwasher 0.33 per person served 

720 per cu ft vol 
1.420 per gal contents 
935 per gal contents 
2,300 per compartment 
800 per person served 
400 per person served 
1580 per person served 

These allowances are for unhooded, unvented appliances: hooding cuts heat 
gain, 25%, venting, 50%. 
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TABLE 5-6 
Heat GivenOffby KitchenAppliances 

A 

Heat Gain, to SpaceBtu/hour 

4,400 
8,000 

10,000 
15,000 
16,000 

Ooffee Maker - 2 gal 3,420 
5 gal 5,500 

10 gal 8,500 
Water Heater - 5gal 8,200 

10 gal 13,700 
FoodWanner, Water Pan, 
P=-J=n= 900 

Fryer, Deep, per lb of fat 360 
Griddle,per sqft 2,750 
Grille, Small 8,000 

Targe 15,000 
I-bt Plate, Simner 2,000 

Full on 6,000 
ovens, per cu ft 5,000 
-es, per ~W-EL- 7,000 
Tt3aster,cOntinuous 

2 SlicesWide 6,400 

Wherehcoded,theseallowances shouldbedecreased 5Opercent. 

1,500 
420 

5,000 
10,000 
18,000 
2,000 
9,000 
8,000 
8,500 

11,000 

TABLE 5-7 
QuickEstimteAirConditioningl 

Building Use 

AkIitoriun 
school 
Office 
wsideme 

Barracks 
Mess Halls 
Hospitals 

Patient Fbans 
PublicAreas 

Libraries 

Air conditioning 
sq ft/m 

bpproximtions for outside design conlitions of 95OF and 80°F WB (Gulf 
C&a&and Florida as adatun) and inside amditions of 76OF KSand 50 
percent RH. 
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100 
150 
190 
400 
220 
220 
85 

180 
ll0 
200 

1 

h 



TABLE 5-8 
Ehjor Dry Bulb-Wet Bulb Zanes inConti.nentilUnited States 

-DegreeF DegreeF Percent 
Zone Geographical Dry Wet (As Decimal.) 
No. kgion Bulb of Zone1 

1 Florida and Gulf Coast 95 1.00 
2 Intesicar So. Calif. and 100 78: 0.98 

Bakersfield California 
3 EasternMissouriand 98 78 0.97 

St. Louis, Missouri 
4 mry1and,mstCoastto 95 78 0.94 

Florida 
5 San Joaquin Valley Calif. 105 75 0.91 

andSouthArizona 
6 Illinois, Wisconsin, Icxm 95 75 0.88 

and cIlticag0, Illinois 
7 r&kssachusett.s, ccTalnecticut 91 75 0.84 

andRkdeIsland 
8 Lx Angeles, elifornia 90 70 0.73 

andadjacmtarea 
9 San Diego, California 85 68 0.67 

andadjacentarea 
10 Fuget Sound, Wmhirqbn; 85 65 0.61 

Portla.TkJ, Oregon; San 
FranciscoRayArea,Calif. 
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CHARTER 6. vTILITIESCosTESTIMATIoN 

6,lGENERAL. Theprccedures ard formulaedeveloped in thepreceding sec- 
tions can be readily adapted for utilities cost estimation by approaching 
theseme~swi~proje~weather, population,ard unitcostdata rather 
than data reoxded for a specific target period. The accuracy of these 
estimates can, of axrse, be only as good as the projected data. If, for 
mle, rronthly degree days are observed to deviate widely frcrm a histor- 
ical mrm, an established future steam/heat cost cannot be very reliable, 
and shouldbeusedwithextreme care forkdgetingmses. Sound j&g- 
mentin the applicationof thetechnigues presentedherewillleadto use- 
ful andefficientkxdgetingpractice. 

6.2ELWITUCALESTIMWES. Inrecentyears,electricloadshavetendedto 
increase at a steady rate, as a straight line function, due to gradual in- 
creases inuseof electronic equipment, aircorditioning,canputerizedand 
autcsated systems, improvements in lighting, etc. As the firststepin 
estimating futureenergyanddemandreguirements, future loads shouldbe 
projeted on the basis of normal increase over at least the past five 
years: that is, using 1-m past consumption, obtain the slope of the 

7 loadcurve, disregardingdiscontinuities duet0 newconstructionandthe 
like,toobtainthe~~l~r~tof~rease. Wkrepastrecordsare 
not available, as at new activities, or distribution feeders handling new 
areas at other activities, use a curve based on a 100 percent increase 
each 10 years. Tocalculatetheeffectofplannedmajor changes,other 
thanthe~~lprojectedincreasesdescribedabove,useTable 2-7 and 
Tables referencedtherein. For example, if a building is to be added, or 
abandoned,or itsusagechanged, thechangesmaybe estimatedusingthe 
area factors (Table 2-3), the load factors based on planned changes in 
major loads (2 kw. or over) (Table 2-3) anl calculating estimated changes 
in energy and demand (Table 2-4). Thesechangesarethensuperiqosedon 
theprojectedloads, as obtain&on thebasisof past history. 

The future loads shouldbe estimatedona feederbyfeederbasis,as 
described inChapt= 2. Where planned new construction calls for addition 
of a substation and associated feeders, the estimated loads for this dis- 
tribut~1stem~~dbeoMainedexactlyasdescribedinChapter2 
andthenincreasedbyan amountdeterminedbythenormalincreasecwxe 
for the activity as a whble. It is importanttitake allfactirs into 
account l Fbr example, a substantialwpunt-of newconstructionwillnor- 
mallymeannroreoutdoor lighting: an increase indocksidemaintenance 
facilities will normally result in 1113118 hotel spice for ships in a given 
periodoft*. 

6.3 KYJ!ABLEW?SEREST~~. TheprojecteddaMndforpatablewat~con- 
sistsof industrialandd~ticconsumption. Estimatesoffutureindus- 
trial~~rmrstbebasedopla~l~eofthemission~indus- 

/-. trial plant of theactivity. Tables 3-2, 3-5, and 3-6 are applicable to 
. . 
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irdustrial consumptionofwater. Dcmestic consumption, Wd, usually de- 
pends on'the poprlation of the activity and can therefore be estimated by 
multiplying a per capita water all owance (Table 3-4) by the projected pop 
ulaticm and by the length of the period. Water requir-ts for irriga- 
tionmyconstitutea largepartof thedmesticwateruseatsane activi- 
ties. If projected irrigation requirements are to be included in the Ixld- 
get, they should be derived as described in Chapter 3. 

- 

The potable water cost estimate, Cw, is now found by multiplying the 
sumof theprojecteddcmestic and industrial~terrequiremmtsbya pro- 
jectedunitcost 

G = (wd + Wi) X unit cost delivered. 

6.4 S~ESTIMUJZ. The ~ojecteddenand forheatingiscanposedof 
three components: 

(1) Building heatingallowance,Hb, a~ojectedheatquantityre- 
quirment for a given building by multiplying the heat allowance factor 
(as recorded on the Building Heating Target Informtion Form, Table 4-5) 
bythebuildingvolime (recordedonthe same form) ardbythe projected 
heating degree days for the period. If new buildings or additicms to old 
kSdi.ngs are tocane intiuseduringthebudgetperiod,anmheatallow- 
ancefactor shouldbegeneratedas described inChapter 4, andusedas 
above fortheproperportionof thebudgeting period. Heating degreedays 
canbeprojectedfranlocalhistoricalaveragesas recordedbythemather 
bureau,or frmheatinghardbooksand specifications. 

Hb = allomnce factor X volm X degree days. 

(2) Waterheatingallowanc e, Hw; the heat quantity for danestic 
water heatingisderivedbymltiplyinganaverageallowame factmrbyan 
equivdlentfullt~popllatianandbythelengthoftheb~etingperiod. 
Theallowance factormaybeanobsemednom,oramre~eciseestimate 
bytheEFD, depe&kg onhowaccuratethebudgetneedbe.. (Asatisfactory 
first estimate of an allowance factor would be l,OOO,OOO BTU/km/month.) 

%I = allowance factorXanequivalentnunberof 
full-time personnel Xleqthof period. 

(3) Special uses, H,; an allowance for such uses as ships, galley 
equiprrent,andprccessequipnent; thisallomnc emstbebasedonknowledge 
of the activity's mission arrd equipment. Table 4-2, Tables 4-6 throgh 
4-26, and Figures 4-l through 4-5 list requirements for various heat-using 
equiprrent. 

The total annual heating cost, 5, isnowfoundbytotalirqtheheat- 
ingqxmtities estiroatesand~tiplymgthistotalbyaprojectedunit 
cost. 

ch = (% + G +Hs) X unit cost delivered. 

6.5AIRCUmITICNINGESTIMATEs. Energyrequir4mentforticonditioning, 
AE, can be estimated by mltiplying the total tonnages (Mles 5-1 and 5-7) 
bytheallowedenergypertonfigure (targetsuamary sheets) Multiplied by 
anequipnentload factor , estimated fortheparticularapplicatim, times - 
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thenmber ofhoursahve 80degreesF. duriqtheccolingseason. 

k = tonnage X KW or BTU per ton X load factor 
XhoursaImve80degreesF. 

Theadditional energycost forairconditioning,C~, isnowfoundby 
multiplying the energy requirenent estimate by the unit cost delivered for 
the utility providing the energy. 

QE = AE X unit Cost delivered. 

Additional annualwaterrequirfmentforairconditioning,~,canbe 
estimated by multiplying the equipnent tonnage by an estimated water usage 
factor, in gallons per ton (frm Chap&r 31, multiplied by the nuker of 
lmursthatthecoolingequi~twillk~: 

J&7 = tonnage X allowance gal./ton-hr. X hrs. 

~additioMl~t~costforairconditionirrg,CAW,canrrawbe fcwnd 
by multiply* the water requirement by the activity's most recent unit 
cost delivered for water. 

Cw = I& X unit cost delivered. 

The total annual cost for air conditi~ning,CA~ is nowdevelopkiby 
totaling the individual estimted utilities costs for steam or electrical 
enerqy, water and sewage. 

CA = c, + c,, + c,* 
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TABLE 6-1 (1 of 2) 
Exampleof F?ropsedAnnual UtilitiesCost EstimtionMethaI 

3uilding InfomtiDn: 

BF=: Barrack, frame construction 
b3ZEL: 10,300 sq ft 
b@aticm: 82 men (assumed 125 sg ft/man) 
Location: 
vezitber Data: 31°F Design Tenp., 914-65OF Degree days 

2,169 air conditioning hrs above 80°F (fran -303 and 
NAVDOCKS P-89) 

Jnit Qsts: Heating; $0.3O~llion Btu 
Water: $0.38/thousand gal 
Swage;~$O.S5/thcusamd~gal 
Electricity: $9.7/thmsand Kwhr 
(l&se are delivered unit costs fran NAVCCNPT Fom 2127 fc 

the activity) 

4. 

3. 

Heating: 
(1) Buildirqheatingallowance= 
heat all owancefactorxvolumexd 

TF 
eedays in period 

1.85 Btu/ft3/DD x (9 ft x 10,300 ft ) x 944DD = 162 x lo6 Btu 

(2) Water heat* allcwance = 
Heat a owmce factor xfulltimeresidentsx~~~~ths 
1 x 10 F Bb.&an/mnth x 82 men x 12 mnths = 984 x lo6 Btu 

(3) Special usage = 
mne in this exmple 

(4) Tbtalheatingalbwance= 
building heating +waterheating + special use 
162 x 106 Btu + 984 x 106 Btu = 1,146 x 106 Btu 

(5) Annual Heating cost = 
Annual quantity allwance xunitcostdelivered 
1,146 x lo6 Btu's x 0.30 $/lo6 Btu's = $344.00 

Electricity: 
(1) Electri~lenergyalbwmce= 
area factor x area 
0.22 x 10.3 x lo3 sq ft = 2.3 
+load factor xload 
0.16 x 29 kw = 4.6 

6.9 

(2) Annual =wJY C 
energy allowance x hcurs x 10s; allowance 
6.9 x 8,760 x 1.06 = 64,000 ksv-hr 
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TABLE 6-1 (2 of 2) 
Example of Proposed Annual Utilities Cost Estimation Method 

(3) Annual electrical cost =-- - --' 
annual quantity x unit cost delivered 
64 million kw-hr x 9.7$j?nillion kw-hr = $621.00 

2. mter: 
(1) Water usage = 
Equivalent residents No. x allowance x day in period 
82 x 65 gal/man/day x 365 days = 1.95 x 10 d gal 

(2) Annual cost = 
annual water usage x unit cost delivered 
1.95 x lo6 gal x 0.38 $/lo3 gal = $741.00 

3. Air conditioning: 
(1) Electricity for AC = 
tonnagex ksv/tonxload factor xhours above 80°F 
40 tons x 1.14 kw ton x 0.50 x 2,169 hours = 49.5 x lo3 Iw-hr 

(2) Annual Electrical cost for AC = 
energyes imtexunitcostdelivered 
49.5 x 10 s Iw-hr x 9.7 $/million Iw-hr = $480.00 

(3) FBter quantity for AC = 
tons x gal/ton-hr allowaxe x hours abcwe 80°F 
40 tons x 3 gal/ton-hr x 2,169 hours = 260 x lo3 gal 

(4) Annual water cost for AC = 
water quantity estimate x unit cost delivered 
260 x 103 gal x 0.38 $/lo3 gal = $99.00 
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